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‘A veling & Porter, Ltd, 


RocHESTER, KENT. 
and 12, Cawwow Sraeer, Lowpor. 

STBAM ROLLERS. ROAD LOCOMOTIVSS. 
STEAM CULTIVATING MACHINERY, 
STEAM WAGONS. TRACTORS. 

CEMBNT-MAKING MACHINERY. 7667 


Yarrow & GCo., Ltd., 
; SHI ENGINEERS, 


SPREDS UP TO 45 MILES AN HOUR. 
P. OR SCREW STHAMRES OF 
HALLOW 


UGET. 
Repairs on Pacific Coast 
by YARROWS, LIMITED, Victoria, gar 


SHIPBUILDERS, Sure REPAIRERS AND ENGINEERS. 


MILLWALL, LONDON, 8. 
GENERAL CONSTRUCTIONAL ENGINEERS, 


Boilers, Tanks, & Mooring Buoys 
Sriuus, Perrot Tayxs, Arn Rueckivens, Stext 
Cuoarers, Rivered Steam anp VenriLaTine Pipes, 
Hoppeks, Specian Work, Reparns or Aut Kurps. 


121¢ 


TR 


CALORIFIERS, BY. 
CONDENSERS, alk HBA’ 
STBAM ann GAS K 
Patent TWIN 





LA. G& Mord, Te. 


CULVBR STREBT WORKS, COLCHESTER. 
On ADMIRALTY ayp Wak Orrice Lasts. 
ENGINES for Torpedo Boats, Yachts, Launches. 
BOILER FEED PUMPS. 
See Advertisement, page 33. 
PATENT WATER-TUBE BOILERS 

AUTOMATIC FEED REGULATORS, 

r lied to the 
and Ani eee 2 





He=ry Butcher & Co., 


VALUBRS ann AUCTIONSERS 
to the : 
&NGINEBRING, FOUNDRY, & MBTAL TRADES. 
ALISO FOR 
PLANT axp MACHINERY, 
63 and 64, CHANUBRY LANE, W.C. 2. 
ranes.—Electric, Steam, 
HYDRAULIO and HAND. 
of all t and sizes. 

GEORGE RUSSELL & ©O0., Lep., 
a Motherwell, near Glasgow. 1264 
STHEL TANKS, PIPES, GASHOLDERS, &c. 
FT {hos. Piggott & Co., Limited, 


RMINGHAM. 
See Advertisement last week, page 138. 


Ppienty and Gon, 
LiMiTED: 
MARINE ENGINEBRS, &c. 
Newsvry, ByGLanp. 
\ank Locomotives. 
Specification and Workmanship equal to 
Main Line Locomotives 
R. 4 W. HAWTHORN, LESLIE & CO., irp,, 
ENGINEERS, NEWCASTLE-ON-TYNE. 


7260 
all ee: be 


lings 

Sa a 
ndon Office ma tits H born, W.0 

For Tosteabed esa April li, 086 

(F+s and Oil Engine Repairs. 


—H, me Sate 2 Bes Great Hastern Road, 


Btra: ford, 
els: 796 and 787 Stratford. 
_Gram.: Rapidising, London, 1194 


, Seen Patent 
W. o-SPBNORR ka oo, ©0., Ht Hrrem, Hee 


qe ‘neible (J2x8e (jie 


BUTTERWORTH BROS., Lid., 
Newton Heath Glass Works, 
Manchester 


6301 





























Oa 975 


2 ¥ achts, Launches, or Barges, 


(‘ampbells & Her, 4. 


Gear Cutting. 


Worm Wheels cut up to 13 ft. diam. 
Bevel and Mitre Wheels planed up to 8 ft. diam. 


DOLPHIN FOUNDRY, LEEDS. 4547 





Buil'. complete with Steam, Oil or 
Motors; or Machinery supplied. 


VOSPER & CO., Lrp., Broad Sraerr, Porrsmou rz. 
FOR - 
ro Pp or g in g 8 


write 
GARTSHERRIE BNGINEERING | & FORGE OO. 
S, Wellington Street, Glasgow. 696i 


Qt Free! A PPhiances. 


PRESSURE, 
oreiy 


etro}l 
3651 








SYSTEMS 


FOR BOILERS OF ALL TYPES. 
Kermodes Limited, 
_ %, Toe Tamee, Dace Stueer, Laverroos ; 


108, Sunmmonsin evans: taenee, ais 
NAVAL OUTFITS A SPECIALTY. 


ocomotives Tank Engines 
ofan and constructed wy. 

MANNING, WARDLE cag | COMPA LgMITED, 

Bugine Works, Leeds. Od 2487 

See their Mus. Advertisement, page 147, last week, 


c re ehran Rachaly =F Lyd AND 


CROSS- 
See page 17. 


Bowers. neh 


He } Telson & (No., Tid. 
son. 8) . 
H hope Srock Cc rie 
MoruERweL. 1d 3388 
Hr We" 07 Ce 
li, HAYMARKET, 


London, 8.W. 1. 














ie Apt! " L_pbricants. 


Worus : SALFORD, Mancuzstsr. 7184 


Tubes and Fittings. 


Glasgow and Birmingham. 


CO Piss Gam 





2 plants Ge) 


for Chemical Wks., Mineral Water Mfrs., 
1 


rast w TF Pct 
pie 


Lrp., 108, 
. 





> 


xtincteur 


isthe Ragisicar"smashian. Com CO*. Noacids 
Noalkalis. Instantaneous. pan Sf a en 
ApPitances Oo,, Ltd,, 108, London,S,W.1 


OF ADMINALAE RF. 
John Kirkaldy, Ltd. ‘ 
Works: B 


Lensod ties: tot. Lassauahas Ee. 
URNT MILL, near HaRLow. 








Schemes FOR 
ROAD. ADVICE ONLY. 
Established 1890 
Address, BunwerT AvenvE, Hun. 
Osblegrams : 


“ Buergy, Hull.” 6290 


arrow Patent 
ater-tube 


Gtewarts and Love. L- “Eo % 


YARROW & 

Matthew pe & mi Ds “Te | 
see Pall Fons, Dum page een 2. 

Forgings. 

ee ees 

"Delt SA 


8, Guekrwicn, LONDON, 8.8. 


Taylor & (ihallen 


Presses. 














See Full Page Advertisement, May 30, 
R?: ilway 
G witches and 
(1 ossings. 


T. SUMMERSON & SONS, LIMITED, _ 
: A . 








CHANTIERS & ATELIBRS 
A te2stin - NJormand 


#1, rae de a a HAVRE 


Destroy Asay oats, Yachts Mado Fast Boats, 
NORMAND’S Fotsnt Wome sete Bemne eal or O11 
Heating. Diesel Oil Engines. 


Rabber 





MANUFACTURERS, 


Conveyor Belts 


GUTTA PERCHA & RUBBER, LIMITED, 


| Fs 2 SARE 


aeolian 3 PULYRneRKD sre 


Pi drink AND FURL 
Offices: 26, Vier 
Tele, Address; 


Meck, and Er 
Tog St ae 


wera 


trom firme desiring euch 


ELECON, 








KE ectric ‘T]wensporters. 


ae" sedate 


Filectric iO hae 


(UP TO &% TORS.) 


8. H. HEXWOOD ¢ 00., L2D., 


- Oanada. T5385 
lectric ranes. 
Electric Crenes. 


8. H. HEYWOOD & OO., LTD., 
REDDISH. 


as ae raversers 
Piece 


8. H. HEYWOOD & CO., UTD. 
REDDISH COP 





~F ler, Horsey, Sons & Cassell, 
SPROLALISTS 


in the 
SALE AND VALUATION 
PLANT AND MACHINERY. 
and 
KNGINEERING WORKS. 
1, BILLITER SQUARE, &.C. 3, 
fron and Steel 


’ T ubes and  iatteasie 





pthe Scottish Ts Tube Co,, Led., 
aD 34, Rot : 
‘Seinen 


[the Glasgow Railway 
in Company, 


Loon Othe td, Victoria Stet, aw. 


RAILWAY ee Bye & TRAMWAY 
CARRIAGE & WAGON TRONWORKS, also 
CAST-STEEL AXLE BOX T3i2 


Y. Pickering & Co., Lid. 
j (BsTapiisnen 1864.) 

BUILD KES of RAILWAYCARRIAGES AWAGORS. 
MAKKHRES of WHEHLS and AXLES of all hinds. 
RAILWAY WAGONS FOR HIRB. 

Chief Works and Offices : 
WISHAW, near GLASGOW. 
Lendon Office 8353 
3, Vicrona Sraecxr, Weeruinsrer, S.W. 


Dredginzg 


OF ALL DESCRIPTIONS, 
FLOATING eae! mend BUNEBSRING 


Werf A 
BO. 2. 


eth en Baoan Br 
last week and next week. 





Ne Chicago Automatics, 


Three Sizes, Delivery from Stock. 
NEW CAPSTANS, 3} in. through the wire feed. 
JOHN MACNAB, Many Sreeet, Hype. 

\ Bet. No. 196 Hyde. 





6874 





iy OLUTHA WORKS, GLASGOW. 
MANUFACTURERS OF 
RarLWar. CARmAees AND WAGONS 
EVERY DESCRIPTION. 
RAILWAY LNOM WORK SRIDGID. adowuiesi I: 


‘Chief Offices: 129, Trongate, G@uaseow. Od 8547 
Dypeees Ses? meen. Senin iy tes des, Bi} 





& W. MacLellan, Limited, | 


= ease 





See ualt-page Advertioment page 108, May 16, en 


TAYLORACHALLAN, Lo. aguante 


ry 
2 ' ae 
ns ay 
* 
2 if, 


- 
ena 


for Pum a 
SY¥PHONIA STEAM | oo 
“eo aU: AL ea 
ATER SOFTENING ._ 5128? 


pa | 

















to ACT as BAPRMIENTATIVS ~ Messrs. 
KN MUN & ROGE London 


BREC 
area ae from May as ghey will, hg continue 
to act in an ad ity = the firm. 

M. WI Lis has appointed as 
Representative of the firm in the rey A area, and 
all communications should in future be addressed 
to our head office in Bristol. WwW 299 

of 


Tendon Association 
FOREMAN ENGINEERS. 
men, Managers snd, impioyers connected 
Wer g MEWTINGS are’ held at the Cannon 
Street Hotel, H.C, 
Membership is not nose to residents in London. 


BAsEinerty, 0 970 
85, Salisbury Road, Harrow, Middlesex, 


[the Yarrow Educational Fund |g 


CHOLARSHIP AND THK WIL 
LINDLEY BEQUEST SCHOLARSHIP. 


THE ye te o > THE INSTITUTION - 
CIVIL ENGIN are. PREPARED 
CONSIDER APPLIOATIONS for a prom AP 
te these SCHOLARSHIPS. 

The Yarrow Bducational Fund Scholars must be 
British Subjects who, desiring to become Engineers, 
lack sufficient means to enable them to continue 
their practical or scientific training. The scholar- 
ships are of a value varying from £50-£100 per 


annum. 

The William Lindle: Bequest Scholar must be 
the son of a Corporate Member or of an Associate of 
the pene between the age of 16 and 23 years, 
who is desirous of entering the Civil Hngineering 

but whose means are inadequate to 
oy the erp mire expenses, The scholarship is 
of the value of £40 per annum. 

The detailed regulations may be had on i 
tion to the SECRETARY OF THE INSTITUTION 
OF CIVIL BENGINBERS, Great George Street, 
Westminster. W 366 


: nst. C.E., 1. Mech, E., B.Sc., 
J neering Mr. G 
OWLS, Assoo, M. Inst. 0.3., 
Maen t PRarhius oO TES 
by correspondence, 














ioe Pai, 
Hundreds 


successes, 
Courses may commence at any time.—39, Victoria 
St., Westminster, 8.W. 7870 





[2 C.E., Inst. Mech. E., 


at SSE 


Correspondence 
1.0.B. successes 265 
“Proxime Accessit.” 

. Write fer 
Seek leh, ben Adineen te Gh. Otlecs of Bwermenntne, 


r. Ewart 8. Andrews, B.Sc. 


Bng., has a few Msn | for STUDENTS 
0 Carangeo 


ulring personal or in 
Relnforoed ree, fe 


Bank Chambers, 329, rEneory of, Struct W.o. .. U 689 
| Dg seven Me geet ron 


Pract, } gg age and Herr Cosarete © Rekigeraton mien. 
University Tutors, 254, Oxford Rd., Manchester. 


Biyptihe Saga Tuition 


B.Sc., Inst.0.B,, lost Mech.B., 
and all Technical Examinations conducted 
eering) aw Graduate 


tnly gutted Hogina, Fo taaven, 
E. Holland (late I Lecturer 


* on ew 4 Set 
Military 3 neert: ectarer 
08, 
&c, Fee, 4s. per two 


lessons .—Fu artloutars on application to 
168, Rochester Street, Chatha W 352 


ane 
— 


























TENDERS. 


India Office, 
Whitehall, 
st May, 1919. 


ey ny moian Y OF STATE. "Pon INDIA, 
in Council, is prepared to receive 


enders: se 





THE 


teen 


° 
.m, on Tuesday, the ist J 1919, after which 
wit be revel 


me no 
H, COLLIER, W 312 
‘Director-General of Stores, — 





ROCKBRBAKING, 
THE CORK HARBOUR COMMISSIONERS 
iuvite 


[Trenders for the Purchase of a 
consis: 


<a Tripod, Guide Frame, Lifting Wineh 
The nee Se eee © Be Conaiutonery 


Works ke at Gork, and the eee 
nent, S, Goumalentcnes’y Otters 
ES Se Pee Pee See om. oe 
Wednesday, June 18th, 1919. 
The Comm So ae Oe Sees 
accept the highest or 


€", | fort: 











SA COMPANY. WATBEWORKS 
- —— yt 

f ; BORBHOLBS. ; 
‘The South Staffordshire W hire Waterworks Company 


Pender for "Two Boreholes, 


to be constructed simultancously at their 
eS Pat Pumping Station, Chorley, near 
Licbied, Statoraaire © 

Prices and Form of Tender, may be obtained 


drawings sp particulars of strata may be 
Somenttt, ee to— 
FRED J. casa M.Inst.C.&., 


neer-in-Chief. 
anon 
rm x = 
June 2nd, 1919. 


* 





a. R. 


BY DIRECTION OF THX DISPOSAL BOARD, 
MINISTRY ows MUNITIONS, 

STEEL SURPLUS MATERIAL FOR SALE BY 
TENDER, or. H.M.S. “ WELLESLEY.” 
Reference D.D. D. 1/669/Aamiralty. 

Te Minister of Munitions has 

Pst E ee ONE or a i’ a 
f nyt oe nd ne wren yngs be Souths 
ae pad and Bars, as proposed u 
the building of this ship. 
Particulars and Tender Forms may 


application to D.D. 44, Room 374, ¢Hotel b+ Preps De, 
er arena ig Avenue, W.C. 2, quoting the shove 





a. R. 


BY DIRBOTION OF THE DISPOSAL BOARD, 
MINISTRY oF s MUNITIONS, 


STEBL SURPLUS MATERIAL FROM 
“ WELLESLEY,” ALE BY TEND 
Reference DD D. D. 1/es2/Aamiralty 


[the Minister of Munitions has 


FOR gt in ONE or MORE LOTS a 
QUANTITY of RTED MATERIAL in the 
form of Steel Piste Sania Steel Black and Galvan- 
ised Sections, Mild Steel Plates and Sheets, Black 
and Galvanized Sheets, &c.,as proposed to be used 
in the building of this ship. 

Particu’ Tender Forms may be had on 
_—_—_- te D. D. 44, Room 872, Hotel the abovs 

rthumberland Avenue, W.C. 2, quoting the 
reference. 


ag 





G. R. 


BY ipo oo OF THE ees BOARD, 
MINISTRY ors MUNITIO 


HOOP IRON anp “axp TINPLATES. ’ 


[the Minister of Munitions has 


FOR DISPOSAL in ONE or MORE LOTS a 
UANTITY of MATERIAL in the form of :— 
oop Tror, ximately 150 Tons —lés. 
uge, lying at St. ~ eae 
Trinpuates (D XX), 45 Boxes 25 in. b: 
TrvpLatses (D XX). 35 Boxes 28 in. 
at West India Docks. 
Tart ares (D XX). F Bes Tons, lying at Worcester. 
articulars' and Tender Forms may be had on 
application to D.B, ant eumn 372, Hotat Metropole, 
orthumberland Avenue, W.O, 2, quoting reference 
B.M./102 andji26/D.B-4A. W 287 


DISTRICT ASYLUM, BALLINASLOR. 
RENEWAL OF ELECTRIC ACOUMULATORS. 
The Joint Committee of Ma: 


Asylum will, at their M 
a Oru day of Juns, 





ment of above 
to be held on 
919, open and 


rfenders for the Renewal of 
ian peng age se PLANT, as per 
be had tion to the 

ident Medtoat Superintendent from whom any 
her information may be obtained. 

The Accumulator plant consists of 108 cells 7 
—< each cell) and has 4 normal charge rate 

am —. 


Sea’ addressed 

to gh RESIDENT MEDICAL “SUPE INTBND- 

be delivered at this Asylum on or before 

waive o'clock noon, on SaTurpay, the 7TH day of 

| ig 1919, 

The lowest or any Tender not necessarily 

accepted. 

By Order of the Committes. 


MILLS, 
t Medical Superintendent. 


lath May, 1919. Wea 


SHARIA WATER SUPPLY SCHEME. 





aaa EAE 


nd | ana 7WO SETS 


W 317" 


be 
Mees roekeot a bia tae 





Gee 


PARISHES OF BOUGHTON AND DUNKIRK. 


MANUFACTURERS OF 
OIL "ENGINES AND PUMPS, 4c. 


The Faversham a 


[renders for the Suppl 


ay oat &c., of a 25 Bart 


PUMPS, &o., 
BOUGHTON, rok Fovoneda Ag ‘the County 
and Particulars may be obtained from 


of Kent. 
recification 
Council's Consulting Mr. H. Howard 
. of 28, Victoria West minster, on 
and after 16th JUNE, 1919, between the hours of Ten 
a.m. and Four p.m 
In Contractors will be lag vers to deposit 
the sum of Guineas, 20 pad lars 
furnished, ~— sum dhs on receipt of a 
"Footer someesed ~¢ Boughton Machinery,” t 
mus 
Bey ezine , not a ee. on 
mae. the 30th ‘une, 1919. 
The Council does not bind itself to accept the 
lowest or an 
Given u 


Tender. 
er my hand this — Ae June, 1919, 
GUY Tf 


Clerk to the Council. 
W 360 


19, West Street, 
Faversham, Kent. 





‘METROPOLITAN WATER BOARD. 


enw 
TENDERS FOR THE SUPPLY OF ra AND 
BXEOUTION OF | OF WORK, 


The Metropolitan Water Board are prepared 
to receive 


([\enders for the _ou ot ae of |§ 
he _ undermentioned 23 and — 

BXECUTION OF WORE, ere, for t 

Three or Six Months, or the period 

lst August, 1919, to 3ist March, 1920, Sethe 


men 
ender No. 

: .~Bricks, Firebricks, Slates, Cement, 
2.—Brashes aoe sone wa 
—Cast-Iron Pipes an ne Winers ee. 
5.—Cotton Waste, Engi 

—Hemp, Rope. 

y —_— and ~ cao SS, 

ronmongery and 
10,— Lead, Brass, Copper, Zinc, and Glass. 
11.—Meter Repairs. 
12.—Oils (Lubricating). 
13.—Oilman’s Sundries, 
14.—Packings, Rubber Goods. 
15.—Paints, Colours and Varnish. 
smep Scrap Iron, Purchase and Removal of. 
Small Iron eae. 
20.—Screwdown Stop Ferrules and Stop Valves. 
21.—Sluice Valves. 
a. —irelghing Aybisatios 
—Weighing Apparatus. 
25,—Hlectric Lamps, Electric Wire and 
Accessories. 

Tenders must be made on official Forms, which 
may 4, — from the Cu1zF ENGINEER, 2, wee 
Place, Fi er B.C, 2, on or after W: 
llth Tune, 1919, b BP nna Ro seams or a 
receipt of a stam: envelope. 

Applicants tall taber've refer to the number of the 
Tender for which Forms are 

Tenders, must be sent under ‘sealed cover, 
addressed to the CLERK oF THE Boarp, my. BC. 2 

aed 





Water Board, South Place, Finsbury. 
endorsed ‘‘Tender for 
must be delivered at the Offices of ti he Board, not 
later than 11 a.m. on Wednesday, th June, 1919. 
The Board do not bind themselves to accept the 
lowest or any Tender. 
A. B, PILLING, 

2, South Place Clerk of the Board. 
Finsbury Pavement, B.C. 2. 

May, 1919 W 285 


APPOINTMENTS OPEN. 
UBIVERSITT OF OF HONGKONG. 





[the Following . Appointments 


will om be 

Professor of Physics. Salary £500. 
& and (3) se in = Lng — Mechanical 
(4) Lecturer i Hicctelont 3g Papen Raw Salary 
Quarters (or an allowance) in each case. 
Applications ere be lene duplicate and 
to A. A bag nt Fg Shem ¢ dew 

Lap,, 5, Nicholas vane B.0. 4. Successfu 
dates must be in Hongkong not later than 
lst September, 1919. W 334 


STAFFORDSHIRE BDUCATION COMMITTEE. 
BRIERLEY oot HIGHER EDUCATION 


Schoo! Hill, South 
PT: at and 
and Steel or with the 
Initial 
Furor pars an frme of apllaton may 
obtained from Applications 
GRAHAM © fans La 
County Education Offices, Statend. “a : 
-j June, 1919. W 330 
na, a oe COMMITTEB. 
NICAL SCHOOL. 


Wanted, 4 Graduate Assistant 


MASTER, for combined duties in the 
Junior Day Technical School and Technical 
duties in 


“Principal Subjects 





with the Iton 
Chemistry of 





Oandi- BBBS is 
tee | 
in the Traffic z 


‘MITTEE. 
plications are Invited for] teen 
Se etie os daoicakeih a temieans servi 
South Staffordshire. Bx 


{APPOINTMENT IN avn ENGINEER: \ 
gia proceed shor‘ 
int a 2 Prokdeae ts of Civ 

5 40 tebe change of the D 
tial ties 


panied. by toll statement of 


coloteat et up to ot 


Garseuiy ar of ‘Manitoba, Vi 

Winnipeg, Cana ; 

T GHAM 
DEPARTMENT OF | OF SNGINBERING. 


LECTURER IN MECHANICAL ENGINEE), 


Are plications ar are Invited 
the Rag: of LECTURER in Mech: 

, 8t a commencing salary of £25: 
ons dena 


Particulars and forms of application, which : 
be. returned not later than June 18th, mar 


obtained from 
J." E, SHIMBLD 


Acting Regist ur, 
GLAMORGAN ED UCATION COMMITTEE. — 


APPOINTMENT OF OF LECTURERS 
IN MECHANICAL 7AL ENGINERRING. 


oeeniaed 


OF 


ould 


Vv 186 


The Committes 


r 
A ppoi oint Two Additional 
r - — in Mechanical Meginecring, 
pplican: ™m possess pecial 8 
teaching Mechanical Hngineering and allied seta, 


ul candidates must devote their whole 
time to the duties and reside where directed by the 


Committee. 
annum, risi by annual 
eremente of or aik a a cittehente of 2350, with 
Regard will be had ¢o 


eapenete recive Sark to seale, 
previous experien: the i 
Can 5%, re commencing 


cneieations, on orms which will be supplied on 

of a stamped addressed foolecap envelope, 

sonthe — = not more than three 

recent monials, reach the OHIEF 

EDUCATION OFFICIAL, County Hall, ma 
4th ay i 

OPDSMITHS 4 

COLLEGE, NEW ‘CROSS, 8.E. 1 


ENGINEERING AN AND BUILDING 
DEPARTMENT, 


A Pplications are Invited for 
the POST of LECTURER in Practical 
Mathematics. Commencing salary £150 to £240 
a according to experience and qualifica- 

rising by £15 increments to £300 and then by 
£10 increments to £400. A War bonus of £39 per 
annum is at present in addition. 

Candidates must have had some experience in 
teaching and should preferably have had some 
he, meering experience. They should also possess 

niversity degree or its equivalent. 

Applications to be sent on or before June Ath 
to the ACTING WARDEN, from whom further 
particulars may be obtained. ws 


UNIVERSITY COLLEGE OF 3 lgg WALES 
AND MONMOUTHSHIR 
(CoLeG PRIFATHROFAOL oy Creu a 
Mynwr.) 





The Council of the f the College invites 


A Pplice ications for the following 
‘OSTS. Applications, with testimonia 
(which need not be printed), must be received by 
the undersigned on or before th: . date stated in 
brackets after the title of — 
(i) —— Lecturer g 14,1919) 
. ms 
(2) Aunotoat Lae aang: and Demonstrator in 
Metallur, (June ws 1919.) 
Farther particu fing the above posts 
may be obtained from the saaene st 
D, FT BROWN, 
Registrar. 


eS in 


University College, 


May 17th, 1919. U 988 
ASSISTANT TRAFFIC SUPERINTENDENTS, 


INDIAN STATE RAILWAYS 


THE gst OF STATE FOR INDIA 
IN COU ‘Ap will, ia 1919, make 


D po intments as 
As SUPERINTENDENTS 

Department of Indian State 

Ee Onadntstes offer them- 
selves. the Ap aeapae will be reserved for 
Candidates who have served in His Majesty's l'urces 
during the War for at least one year, or who have 
——- on adequate grounds frou: 60 


Candidate must be a British subject, of not 

eee hy 2 oR. oy algal and 
moral character and 

must possess oy or her of the 


qualifications ;— 

——s two years’ practical experience 

in_the Traffic t 7° Bri — 
Golgatal or Military gree togther with evijien 
of a sound general oe angel whose 
practical experience falls short of two yea: 
Stietbte a served in His Majesty's Forces, will be 
ons, 
in 


Railways, if so 


certain cond 

the’ t Ge degree ord ang teasing Univers!t 
fter not t 

U isa ‘cingdom graated a rt = a 


prospect of 
leading to such degree or 
oa ag Be | 

"Printed forme, toget t later 


June, 1919. Printed ae 
+ the 


than polite 


India Office, W!: 











RY a = 


be a 



























































June 6, 1919.] 
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THE ATTACK OF POTS FOR GLASS 
MELTING. 


From our annual reports on the work of the 
National Physical Laboratory our readers are aware 
that researches on the manufacture of optical glass 
have for some years past, been in progress at that 
Institution. These researches have been conducted 
under the direction of Dr. W. Rosenhain, F.R.S., by 
Mr. E. A. Coad-Pryor, B.A., Mr. V. H. Stott, M.Sc., 
and Miss A. B. Taylor, with the aid of a grant from 
the Board of Trade in 1915 and, later, of the Depart- 
ment of Scientific and Industrial Research. 
Particulars of the investigations were withheld 
during the war years; but discoursing, on May 21, 
before the Society of Glass Technologists, on 
“Some Phenomena of Pot-Attack,” Dr. Rosenhain 
was able to give an interesting account of one line 
of these inquiries, namely the search for an ideal pot 
which, owing either to its special material or to 
some special treatment, would resist pot attack 
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even by the most active types of glasses such as 
those containing high percentages of lead or barium 
together with boric acid. 

For this purpose a systematic study of the 
exact nature of the attack of molten glass 
on the pot or its lining was required, and though 
the study of pot-attack is by no means novel, 
as Dr. Rosenhain pointed out, the problem 
does not appear to have systematically been in- 
vestigated. Glass manufacturers have all met with 
examples of prematurely “drilled” pots. The 
inquiries into such cases are generally somewhat 
of the nature of a “ post-mortem” examination, 
with the added disadvantage that very possibly the 
cause of death has disappeared long before the 
examination has been made. The only satisfactory 
method of study, on which Dr. Rosenhain decided, 
seemed to be to watch the attack under controlled 
and standardised conditions of temperature, time, 
atmosphere and glass composition, and to interrupt 
the operations and to examine the broken or cut up 
pot in various ways. Such a programme could not 
well be carried out under manufacturing conditions, 
nor on any large scale, on account of the great 
expense involved. The experiments were hence 
started on the smallest suitable scale, leaving the 
translation to @ large scale and the application to 
works practice for a later stage. 

In order to secure adequate control of temperature 
and furnace conditions the pots under test were 





heated in an electric furnace (Fig. 1), also developed 
in the Metallurgical Department of the National 
Physical Laboratory. It is a resistance furnace, the 
vertical tube of which is built up of conical rings 
of graphite stacked on the top of one another in any 
number desirable. Temperatures lying mostly 
between 1,230 deg. and 1,280 deg. C., controlled ‘by 
thermocouples, could easily be maintained in these 
furnaces. To keep off reducing gases liberated from 
the hot graphite a liner of silicon carbide is intro- 
duced between the pot and the graphite tube, and 
the inner space is charged with nitrogen ; high-lead 
glasses could then be melted without undergoing 
any reduction, but the precaution was hardly 
necessary, since experiments with gas fires and 
air blasts gave practically the same results. As 
regards pot material, a preliminary inquiry showed 
that fireclay is unsuitable for standard conditions— 
the method of examination by X-rays will be referred 
to later—and the purest china clay was adopted, 
the material containing 92-25 per cent. of clay 
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substance, 3-57 per cent. of feldspar and 4°18 per 
cent. of quartz. Pots were made of this material by 
a slip-casting process in open plaster moulds, the 
slip consisting of 60 per cent. of the clay and 40 per 
cent. of “grog” with the usual additions of 
deflocculators ; the grog was obtained by firing 
balls of the same china clay in a special kiln to a 
temperature above 18 cone and subsequently 
grinding and sieving the material through a 60-mesh 
screen. The pots (Fig. 2) are quite small, 35 mm. 
diameter, and filled up toa height of 30mm. The 
lid is made of the same material as the pot, and so 
is the axial rod, which passes through a central 
hole in the lid. This rod has proved very conve- 
nient for studying the erosion of the pot material 
by the molten glass. 

The first choice of glass was influenced by the 
chief aim of the general research, the study of optical 
glass. These glasses, rich in baryta and boric acid, 
are moreover known to be very fluid at moderate 
temperatures and hence to put the pots to severe 
tests. The first glass chosen, numbered §.G. 4, 
contained 3-8 per cent. of Na,O, 56-7 per cent. 
BaO, 17+3 per cent. B,O, and 22-2 per cent. SiO, ; 
the glass 8.G.6 contained 3-6 per cent. Na,O, 
39-5 per cent. BaO, 12 per cent. BO, 36-1 per cent. 
SiO, and 8-8 per cent. Al,O,; the 8.G.5 was a 
flint, 11-8 per cent. Na,O, 42-5 per cent. PbO, 
45-7 per cent. SiO, ; various other flints were used, 
as well as ordinary soda-lime glass and other glasses. 
The results were found to be so uniform that general 
conclusions appear justified. 

The object of the experiments being the study 
of the action on the clay by the molten glass, 
and not the action of various raw materials, the 
glass experimented with was in each case first fused 
in china-clay pote—larger than those described— 





and granulated by pouring the fused glass into water; 


|the pot under test was filled with this “ water- 


cullet,” the charge being sufficient to take up when 

fused about two-thirds of the pot. The filled pot 

was placed on pure sand within a larger pot, which 

itself was put on the lower electrode of the furnace 

(Fig. 1). In cases when the molten charge pierced 

the inner pot, the sand absorbed the escaping glass, 

and the outer pot protected the furnace. The pot 

was slowly heated up to 700 deg., which took an 

hour, and then quickly, in 10 minutes, to 1,260 deg. 

or 1,280 deg. ; the whole heating lasted 2 hours or 

longer, and the time of exposure was recorded. 

Below 700 deg. there was no chemical attack, and 
with the rates of heating adopted cracking of the 
pots was not to be feared. 

The quantitative study called for measurements 
of the pot and its rod before and after heating. 
Four spots were marked, with specks of cobalt, on 
the outside of the pot bottom, and the thickness 
of the bottom at these spots was measured; the 
rod diameters could be directly determined at 
various points. The measurements after the attack 
were a more difficult matter, since the glass adhered 
to the clay, and the surface attack was irregular. 
Sections were made through the marks and through 
the rods, and photographs were taken of the sections 
or drawings prepared with the aid of a camera lucida 
(magnification 10 diameters), Planimeter measure- 
ments were then taken of the photographs or 
drawings to ascertain the depth of the attack, t.e., 
the difference between the original and the final 
thickness or diameter. From the measurements 
the curves of Figs. 3 and 4 are deduced. 

As regards the pot the main attack, as was 
expected, is on the bottom and the lower parts 
of the sides, the bottom being sometimes pitted 
in a series of incipient drills lying roughly on o 
circle near the side, as shown in Fig. 8, on page 726 ; 
in other cases the attack was more general. The rods 
were worn down in a V taper (Fig. 5), and this increase 
of the depth of the attack with increasing depth of 
immersion was unexpected, but confirmed by larger 
scale experiments with charges of 15 kg. of glass 
and stirring rods dipping 20 cm. into the molten 
glass, and by careful measurements on a very large 
number of rods in various glasses. In the diagrams 
Figs. 3 and 4 the depth of attack is plotted as 
ordinate against the depth of immersion, The 
upper curve in Fig, 3 refers to a rod (in 8.G. 4 glass) 
containing 30 per cent. (instead of the usual 40 per 
cent.) of grog; the rod had been fired at cone 16, 
and its porosity was 30 per cent. The rod of the 
lower curve contained 7 per cent. of fel and 
had been fired at cone 27; the material was more 
of the nature of a hard porcelain than of a fireclay, 
and the real porosity was only 16 percent. Both the 
graphs indicate ea straight-line law of erosion and 
have practically the same slope of about 45 deg. 
Another curve obtained (not reproduced) would fall 
between the two graphs of Fig. 3; the glass in that 
case was again 8.G. 4; the rod contained 40 per cent. 
of grog, had been fired at cone 17, and the porosity 
was 28-5 per cent.; in spite of this high porosity 
the erosion was moderate, and porosity might not 
play so important a part in the phenomena, Dr. 
Rosenhain suggested, as had been supposed. 

The rod of Fig. 4 was tried in the glass 8.G. 6; 
the glass was heated to higher temperatures than 
the other more fusible glasses, and the heating was 
continued for 5 hours, Of the two graphs the 
upper shows the erosion at 1,280 deg. C., the lower 
at 1,260 deg. The attack, it will be seen, was less 
severe than in the previous cases, but decidedly 
more severe at the higher temperature than at the 
lower temperature, though the difference amounted 
to 20 deg. C. only. 

Whether or not the approximation to a straight 
line law, i.¢., increasing rod attack with increasing 
depth of immersion, would hold for large pots 
and deep immersion, Dr. Rosenhain was not pre- 
pared to say. But it did hold within a certain 
range, and constituted a new, so far apparently 
overlooked fact, which had to be accounted for. 
The V-taper could not. be due to the increased 
hydrostatic pressure with increasing depth of 
immersion; for slight increases in pressure, it is 
well known, have little influence on solubility. 
There is, moreover, a surface effect, the formation 
of a groove at the fluid level in the pot and of a 
neck in the rod. Gas action seemed to be out 
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of the question, and it occurred to Mr. Coad-Pryor 
to investigate the general problem of the dissolution 
of solid rods in liquids and the circulation set up in 
such processes, Cylindrical rods of various salts 
were prepared in moulds and lowered into water ; 
plaster of Paris was similarly dealt with in dilute 
hydrochloric acid. The latter experiment was 
demonstrated with a rod dipping into a glass cell. 
Within a few minutes a shoulder and a small neck 
were formed, and the cylinder wore down, not toa V, 
but to an inverted A—or A—as Dr. Rosenhain called 
it in distinction. It could be seen that the liquid 
streamed down the cylindrical walls and flowed 
down from the bottom of the cylinder to the bottom 
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of the cell, to rise again further away from the rod. 
As the water or acid in contact with the cylinder 
became denser and saturated with the salt, it 
descended, and lost its solvent activity, being 
replaced by fresh water from the surface. Thus 
the A taper is accounted for in the case of solvents 
and solutes (water and salt), the solutions of which 
are heavier than the solvent. If the solution were 
lighter than the solvent, the circulation should be 
reversed, and the A taper should change into a 
V taper. This condition Mr. Coad-Pryor exem- 
plified by dissolving rods of paraffin or naphthalene 
in carbontetrachloride (density 1-63), and that 
case was also demonstrated. The solution, being 
lighter than the solvent, was seen to rise along 
the rod which assumed the V taper; the paraffin 
rod further developed a shoulder, without a neck, 
the naphthalene rod a neck. Our illustrations 
show the A taper for cylinders of barium chloride 





in water (Fig. 6) and the V taper of naphthalene in 
carbon tetrachloride (Fig. 7). The demonstrations 
also showed very distinctly the violent surface 
agitation of the liquid which is responsible for the 
formation of the neck in the case of naphthalene. 
The phenomena in the glass melting-pot are 
hence clearly of the type where the solvents, glasses 
of density 3-75 (S. G. 4) of 3-2 (S. G. 6), are 
heavier than the solute, the china clay of the rod, 
density 2-6. The glasses just mentioned give 
the V taper and a shoulder, without neck, the 
flints give also a neck. Further to prove the analogy, 
experiments were made with clay rods in glasses 
very high in boric acid and lighter hence than 








hot, and a compensating downward flow wil] 
be set up near the walls; that downward curren: 
would explain the drilling of the bottom in a circle 
as illustrated in Fig. 8. When a small pit is pro- 
duced somewhere in the pot, owing to some local 
defect, for instance, that pit would act like a smal 
pot and tend to deepen. Dr. Rosenhain could 
refer to several experimental observations support ing 
the assumed general circulation. In cases where 
the rod tapered to an A, not toa V, the general 
circulation would be different, and there were then 
no signs of bottom drilling; serious drilling of 
the walls was, however, observed in a ring below 
the glass level. When the bottom was protected 
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the rod material ; A tapers were observed. Owing 
partly to capillary attraction—possibly also to 
optical effects—the neck groove seemed to set in 
above the liquid level, not init. Surface tension 
and the changes it undergoes when solids are 
dissolved in a liquid no doubt are important factors 
inthe phenomena. We know that pieces of camphor 
and crystal of certain dyes, etc., placed on water, 
dart about in an odd fashion ; solutions in alcohol 
and in water are violently. agitated when poured on 
one another, and C. R. Darling produced nearly 
ten years ago, some peculiarly beautiful effects 
by dropping othhotoluidin on water. But we know 
very little about the surface tension of molten glass, 
though the tension certainly exerts a powerful 
influence on glass during industrial operations. 
Whatever the nature of surface tension in the 
melting glass, however, there will be an upward 





flow of glass along the walls of the pot as it grows 
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by placing a dise of zirconia (96 
per cent.) on it, the bottom re- 
mained intact, but the deflected 
circulation attacked the lower part 
of the wall. There is thus danger 
in such local Protective devices. With the aid 
of suitable deflectors, guard-rings, near the sur- 
face, e.g.,Dr. Rosenhain yet hopes to suppress 
the circulation and to diminish pot-attack. The 
guard-devices might be made of materials, appro- 
priate to balance, or “loaded,” to reverse the 
circulation-currents, 
As regards the study of the general properties 
of molten glass the investigation of the viscosity 
tends to show that increased viscosity reduces 
the speed of the currents without appreciably 
affecting the type of circulation. Viscosity enters 
into the phenomena in another way as well, how- 
ever. The boundary between pot and glass does 
not remain sharp; while solution is going on, there 
must be a minrte zone in which the change in 
viscosity is rapid. If there were no agitation, 
the gradient would be steep and, diffusion being slow, 
further solution would soon be stopped. As 
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the determination of the viscosity of glass and of 
its temperature coefficient is very difficult, they 
have at the National Physical Laboratory arrested 
the process by cooling down the pot with its charge, 
and have examined sections of the boundary 
region between the pot and the adherent glass by 
the microscope after etching them with hydro- 
fluoric acid, The crystals formed are difficult to 
photograph; the photomicrographs show needle 
crystals, observed with the 8.G.6 glass (Fig. 9), 
and peculiar massive crystals found near the pot 
wall in the flint 8.G. 5 (Fig. 10). 

The last slides of Dr. Rosenhain, illustrating 
the good services which the X-rays can render 
to the glass-makers, did not excite less interest 
than the study of the pot-attack. In a radiograph 
(not reproduced) taken right through the experi- 
mental pot as standing before being fired, the bottom 
appeared as a grey disc surrounded by a dark 
rim (the cylindrical wall), and black spots could be 
seen in the bottom ; these spots marked specks of 
iron oxide. In another radiograph, taken after 
firing the pot, the specks had the appearance of 
somewhat larger dark rings, light grey in the 
centre; the iron oxide had evidently fused the 
clay immediately next to it, leaving a small central 
cavity. Irregular whitish spots, due to bits of 
plaster (from the mould) embedded in the clay, 
were easily distinguished from the annular iron 
spots; and the presence of air bubbles again. could 
easily be recognised in the pots. The examination 
by X-rays both of the green pots and the fired pots 
is a simple matter, that the timely disclosure of local 
defects would fully repay. The direct problem, 
the investigation of pot attack, will, of course, as 
Dr. Rosenhain pointed out in conclusion, demand 
much further study. The ideal pot material has not 
yet been found. But the results obtained lend 
themselves to useful interpretation. Take the 
diagram, Fig. 4. The pot-attack is much more 
serious at 1,280 deg. than at 1,260 deg. If such 
a state be observed, the glass-maker may be able 
either to keep within the safe temperature range, 
or to modify the composition of his glass. In some 
cases, at any rate, a relatively simple experimental 
examination on the lines indicated would enable 
the glass-maker to avoid expensive pot- and glass- 
failures, 





THE EFFECT OF A SIDE-WIND ON 
INTERPLANE STRUTS. 

By A. J. Surron Preparp, M.Sc., A.M.I.C.E. 

As long as an aeroplane is flying directly into the 
wind the loads in the interplane struts are purely 
compressive. If, however, the wind strikes at an 
angle to the longitudinal axis of the struts they are 
subjected to a lateral force in addition. Such a 
side force is usually caused by a side-slipping on the 
part of the aeroplane and should be taken into 
account when designing interplane struts. 

The magnitude of this force cannot be accurately 
determined, but the methods given in this article 
will enable a correction to be applied to take 
sufficient account of the side wind. 

Suppose an aeroplane to be flying at a forward 
velocity = V ft.-sec. 

Let the side-slip velocity = v ft.-sec. 

Then the direction of the wind on the struts is at 
an angle a to their axes, such that : 

Tan a = o/V. 

Also, the velocity of the aeroplane along the re- 
sultant direction of V and v is given by V Sec a. 

The strut acts in a similar manner to an aerofoil 
section, the lift being the side force or cross-wind 
force whose magnitude is required. 

Let the length of a strut = L inches. 

Let the width of a strut = #¢ inches. 

Let the fore and aft length of the strut = ¢ inches. 
Chen the area of the side surface of the strut 
= Lyt sq. in, The side-wind force on the strut 
will be ; 

L.yt 
Ts 
where p is the density of the air. 

and ky, is a “ lift-coefficient,” 

From an examination of a series of tests on strut 
sections it was found that for a good value of Y 
the value of k, reached as much as 0-033 per degree ; 


F=k,.p. . V2 Sec? a =e 





the angle at which streamline flow broke down being 
16 deg. 

A side-slip velocity which makes a = 16 deg. 
may therefore be taken as the worst case likely to 
occur. 

In this case k, = 0°033 x 16 = 0°528. 

Also, seo a = 1-0403 and p = 0°00237. 
Let w be the lateral force per inch run of the strut. 
Then from equation (1) : 


wm k,.p. 1. vesecta. 
isa 


Substituting for ky, sec a and p: 
w = 0°528 x ee x (10403) 8. ve 

is., w = 000000043 y.¢. V2 . (2) 

Let the maximum direct compressive load which 
a strut has to carry, including the factor, be P. 

Let the thickness of the strut which will just carry 
this load, making no allowance for lateralload, = t,. 

Then the length of the section as before = yt, 

The minimum moment of inertia of the strut 
= B t,*. 

Since an interplane strut is of sufficient | to 
fail by buckling, the strength to resist an end load 
only can be found from Euler’s formula. 
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The size of the strut will therefore be defined by : 
_ “EBht 
P —_- « (3) 


E being the modulus of elasticity of the material. 


For a laterally loaded strut the maximum bending 


moment is given by: 
wEI 
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where Q is the Euler failing load of the member. 
Since the direct-com pressive stress is a very small 


factor in an interplane strut, the maximum stress 
in such a member when subjected to a lateral load 
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where ft, is the thickness of a strut to carry an end 


load P Ib., and a side load w lb. per inch. 
But 
Piz 
EB 


So that, substituting in (4): 
w.E.t 


f= -F { se-$(3) -1} 


And, substituting for w from (2) : 
0-00000943 + %2 V2 E wft\e_ 
= 2P {8 -3(2)- *} 


Since the value taken for P includes the factor, the 
value of f must be the ultimate stress. 
For best quality silver spruce : 


J = 5,500 Ibs. per square inch in combined end load 
and bending. 





= 4 from eq. (3) 








E = 16 X 106 lbs. per square inch. 
so that: 


5,500 = omens 1°6 x 106 ve(2%@) {Sec 3(2)- 1} 
or 





+1 





w(h\? _ P 
boo 5(2) = ous Je 
From this equation the relation between ¢, and t, 
can be found if the values of P and V are known. 
P, of course, is always fixed, and V should be taken 





as the top speed of the aeroplane, since no factor has 
been allowed upon the lateral loading. The best 
way of expressing the result of this equation is 
in a series of curves obtained, as follows. 

A standard streamline section, having been 
selected, y is fixed. Now decide on a value of V — 
this will embrace all aeroplanes of a particular class. 
V and y thus settled, take a series of values of t), and 
for each of this series calculate t, for a range of values 
of P. By this means a family of curves can be 
plotted which readily give the correction required 
to allow for a lateral load. Such a series of curves 
is plotted in the annexed for a 3:1 
streamline section, and a value of V of 147 ft. 
per second. The equation (5) reduces to: 


Bee 5 (2) = ee +1 . (6) 


To use such a curve, first design the strut, making 
no allowance for windage and so find ¢,. 

Find the t on the chart where this value of ¢, 
intersects the line through the value of P which the 
strut has to carry. By interpolation between the 
curves of t, the corrected thickness of the strut is 
found, 

As an example, design a strut 80 in. long to carry 
a load of 1,200 Ib. 

The moment of inertia may be taken as 0-12 ¢,‘: 

Ray 1,200 x 808 
“. a= TEX LOX 10 x 0-18 


& = 1-42", 
The intersection of the lines ¢,=1+42, and 
P = 1,200, occurs cally on the curve tp=1-5 
in., so instead of strut being 1-42 in. wide it 
should be 1°65 in. 

Curves for different values of y and V can very 
quickly be obtained and once these have been 
blotted they form standard graphs. 

OERLIKON LOCOMOTIVES FOR THE 

SWISS FEDERAL RAILWAYS. 

In an article in our issue of May 2 last, Mr. J. 
Buchli described some electric locomotives built 
by Messrs. Brown Boveri and Co. and the Swiss 
Locomotive and Machine Company for the Swiss 
Federal Railways, and for operating on the Bernese 
Alpine Railway. As stated in the early part of that 
article, the authorities of the Swiss Federal Railways 
decided to have four trial locomotives built and 
tested before larger numbers were put in hand. 
Two locomotives of the four were supplied 
Messrs. Brown Boveri, and were described in the 
article to which we have referred. The remaining 
two were supplied by the Ateliers de Construction 
Oerlikon of Oerlikon, Switzerland, and it is the 
}purpose of this article to give some description 
of these latter. As in the case of the Brown Boveri 
products, the mechanical parts of the locomotives 
was supplied by the Swiss Locomotive and Machine 
Company, of Winterthur. The Oerlikon locomo- 
tives have been delivered and have carried out 
their trials on the Loetschberg Railway. 

The two locomotives supplied comprised one each 
of two different types, of which the chief dimen- 
sions are given in the following table :— 





or 





Locomotive type ... 2-6-2 2-4-4-2 
System ee Single- Single- 
phase = 
Vol ose eee 4 . 15,000 5,000 
Periodicity, persecond ... 16; 1 
Horse- en wheel rims 1 seo 's00 
Draw-bar pull (1} hour 
test), Ib. ... ove «+ 19,000 26,000 
Maximum draw-bar pull, lb. 30,000 40,000 
Normal speed ++» m.p-h, 31 31 
Maximum speed ...m.p.h, 47 47 
Weight of mechanical parts, 
Weigh ‘ eee ot} eee 46.5 58.5 
eight of electrical parts, 
ns ove vee eee 44.5 54.5 
Total weight, tons... 91 113 
Adherent weight, tons 58.5 80 


Both classes of locomotive have a two-wheeled 
Bissell truck at the leading and railing ends, but in 
one type three pairs of coupled driving wheels are 
placed at the centre, while the other has two sets 
of two pairs of coupled wheels, One of the loco- 
motives—the 2-6-2 type—is illustrated in Figs. 1 
and 2, on Plate LV, while cross-sections of the 
same locomotive are given in Figs. 3 to 5, on 
page 728. General views of the two locomotives 
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15,000-VOLT SINGLE-PHASE ELECTRIC LOCOMOTIVE. 


CONSTRUCTED BY LES ATELIERS DE CONSTRUCTION OERLIKON, ENGINEERS, OERLIKON, SWITZERLAND. 
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are shown in Figs. 6 and 7, on page 740. It is 
unnecessary to describe both locomotives in detail, 
asin many features they are similar. We will 
accordingly deal in the main with the 2-6-2 type 
illustrated in Figs. 1 to 5, and will afterwards refer 
briefly to any special features possessed by the 
other. The general arrangement is well shown 
in Fig. 1. The leading and trailing trucks are of the 
Bissell type and have a lateral play of 3in. They 
are returned to their middle position by two plate 
springs. To ease the travelling of the locomotive, 
when running round curves, the driving wheels are 
also capable of a lateral play of 1 in. on each side. 
The locomotive is driven by two motors situated 
side by side and above the level of the cab floor, 
as is best shown in Fig. 6. Each motor shaft carries 
@ pinion at each end, so that there are four pinions 
in all. The pinions gear with spur wheels i 
on their faces crank-pins which are coupled by the 
triangular-shaped frame shown. This operates the 
centre driving wheel through a reciprocating cross- 
head block, while the outer wheels are connected to 
it by means of coupling rods. The arrangement will 
be quite clear from the various figures. The pinjons 
are connected to their shafts through flexible coup- 
lings giving elasticity of drive. 

The main frame of each locomotive is built up of 
two longitudinal members made from l-in. plate. 
The suspension is such that each carrying axle is 


connected by compensating bars to the adjacent |~ 


motor axle, Further, the spur wheels, with their 
shafts, can be removed without dismantling the 
main suspension in any way. The cab is divided 
into five compartments, a driving cabin being 
situated at each end, inside of each of which there 
is a transformer compartment with a motor section 
in the middle. The side panels are removable 
for the inspection or repair of the motors and trans- 
formers. A ladder giving access to the top of the 
locomotive is locked with a whistle connected to the 
compressed air supply, which gives warning if an 
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attempt is made to mount the roof with the panto-) brakes are fitted, there being 12 brake shoes in all. 
graph collectors raised. The blowing of the whistle|The braking effect is equivalent to 80 per cent. 





lowers the pantograph. Both power and hand | of the adherent weight. 
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The two motors are able to exert 675 h.p. on 
continuous rating and 825 h.p. for 14 hours. They 
are of the compensated series type, and each have 
12 poles. Reversing is obtained by changing the 
direction of the excitation current, which operation 
is carried out by an electro-pneumatic commutator 
mounted above the motors. The double motor 
arrangement, which has been adopted mainly for 
mechanical reasons, necessitates a double control 
equipment in order to ensure a proper distribution 
of the power between the different driving axles. 
The arrangement incidentally is of advantage in 
reducing the weight and number of spare parts 
which have to be provided. The system also per- 
mits of the employment of contactor control, the 
banks of 12 contactors for each motor giving a range 
of 23 speeds. Locomotives supplied by the Oerlikon 
Company to the Loetschberg and other railways are 
equipped with similar contactor control, and have 
been in successful service for a number of years. 
The control arrangements have been entirely 
successful. “The contactors are controlled electro- 
pneumatically, or can, in case of need, be operated 
by hand. 

There are two main transformers of the air-cooled 
type. Each is connected to its corresponding motor 
through a contactor in series with a current trans- 
former and a self inductance. The current trans- 
former supplies current to an automatic cut-out. 
In general the two circuits, formed each of a trans- 
former and motor, are connected in series. A group 
commutator placed above the transformers permits, 
however, other connections to be made. Thus each 
circuit may be completely isolated from the other. 
This permits one to be cut out in case of breakdown, 
while the other may continue working. In this 
condition the locomotive may still develop full 
speed, but of course, with only half the normal 
tractive effort. Another connection permits one 
transformer to supply the two motors. In this 
case the locomotive develops normal tractive effort 
at half-speed. The high-tension circuit consists of 
the two pantographs with their disconnecting 
switches and over-voltage discharges, two dis- 
connecting switches for the transformers, two 
current transformers, and two earthing connec- 
tions, 

The pantographs have a working range of height 
between 4*8 m. and 7 m. They are operated by 
compressed air, a hand pump being fitted for 
emergency use. The disconnecting switches can be 
operated from inside the locomotive, and are 
interlocked with the door of the high-tension cabin. 
These main disconnecting switches are of the oil- 
break type operated electro-pneumatically, and 
have automatic overload and no-voltage attach- 
ments. The various auxiliary equipment fitted 
to the locomotive consists of two air compressors, 
ventilating fans, and a motor converter set, con- 
nected with a battery of accumulators. All 
auxiliary apparatus is operated by a 100-volt 
circuit fed from the battery. The air compressors 
supply at 5 atmospheres to 7 atmospheres, and are 
started and stopped by an automatic regulator 
Operating the turns of the pressure in the air receiver. 
A heating circuit of 500 volts is tapped by the main 
transformer, and is used for heating the water. 
The maximum current is 400 amperes. Multiple 
control is fitted and two locomotives may be driven 
together with one control. 

The 2-4-4-2 type locomotive has in the main the 
same arrangement of gear and control as the one 
described above, and need not be dealt with in 
detail. This locomotive, however, is fitted with 
gear permitting recuperation when braking or 
running down hill. The locomotive is illustrated 
in Fig. 7, on 740. The electrical gear is 
arranged in both cases for a line voltage of 15,000, 
but transformer connections are fitted permitting 
Operation at 7,500 volts. The 2-6-2 locomotive 
hauling a train of 200-7 metric tons on a gradient of 
2°7 per cent. accelerated from standing to 32 miles 
an hour in 150 seconds. Drawbar pulls up to 
24,000 Ib. were recorded. The maximum power 
exerted was 2,160 brake horse-power at 35 miles 
an hour. The 2-4-4-2 locomotive on trial handled 
a train of 304-4 metric tons (exclusive of the weight 
of the locomotive). A drawbar pull of 37,000 Ib. 
was recorded. 





THE INSTITUTION OF MECHANICAL 
ENGINEERS. 


. AN ordinary general meeting—the last of the 
session—of the above Institution, was held on 
Friday last, May 30, at the Instituton of Civil 
Engineers, Great George-street, Westminster, the 
president, Dr. Hopkinson, occupying the chair. 
The president, during the preliminary business 
remarked that at the previous meeting a telegram 
had been despatched to members of the Institution 
in India, congratulating them on the prospect of a 
Society of Engineers being established in that 
Dependency. A letter confirming the message was 
also sent to Sir Thomas Holland, chairman of the 
inauguration meeting. In the meanwhile, Sir 
Thomas had replied to the effect that the members 
were greatly encouraged by the receipt of the 
telegram, and that the action which the Institution 
had taken was likely to conduce to an increase of 
members in India and strengthen the position there 
in every way. 


{Tae MzcHanicaL PRopERTIEs oF STEEL} 

Discussion, was then resumed on the paper 
entitled ‘‘ The Mechanical Properties of Steel, with 
some Consideration of the Question of Brittleness,” 
by Dr. W. H. Hatfield, which was read and partly 
discussed at the meeting on the 2nd ult. 

Dr. W. Rosenhain was the first speaker. He 
considered that the main point of the paper was that 
our methods of testing metals, steel in i » 
required a great deal of further study and investi- 
gation. Until the mechanism by which a piece of 
steel failed in the testing machine and the mechanism 
by which it failed in service were known, it was 

to use caution in applying the results of 
any method of ing. Agreeing so far with 
Dr. Hatfield, he desired, for the purposes of dis- 
cussion, to emphasise points of difference rather 
than of agreement; although there was a 
substratum of agreement. Dr. Hatfield had 
remarked: “It would appear that those tests 
are most instructive concerning the ultimate 
behaviour of the steel which nearest approximate 
to, or reproduce, the conditions under which the 
steel has to serve.” He regarded the proposition 
as plausible, but untrue. It was impracticable 
to imitate the conditions under which metal served 
in practice; one factor or another had to be 
accentuated to such an extent that the proportion- 
ality between the results obtained and the service 
conditions imitated broke down. In his opinion, 
a test was valuable according as it measured, some 
fundamental property of the material. The simpler 
the test and the more complete the isolation of one 
physical property, the more reliable the results. 
To translate these results into prediction of the 
behaviour of a material in practice, required a good 
deal more knowledge than was yet possessed. 
To aim at imitation tests was to aim at something 
apt to mislead. 

Dr. Hatfield had stated that the tensile test was 
fundamental. He would inquire what conditions 
of service the tensile test resembled, and in what 
structure or machine a piece of steel was strained 
far above its elastic limit. The same question 
could be asked about the Arnold test. The next 
question was, What was the criterion of a good test ? 
Any new test was useful if it showed some property 
not ascertainable by the old tests, and was so 
whether it imitated practical conditions or not. 
With the author’s views on the notch-bar impact 
test he was in complete agreement, except in respect 
to the extent to which the information obtained 
was applicable to practical purposes. He con- 
sidered the brief summary of the work by Hanson 
and himself, given in the paper, was somewhat 
misleading. In the first place the author’s criticism 
of the work was based on a misconception as to the 
meaning of the terms “dynamic” and “ static.” 
Dr. Hatfield had quoted a sentence in which it was 
admitted that the dynamic test had been used in 
order to ascertain the qualities of the steel, of which 
the conditions of use might, in the ordinary sense, 
fairly be taken as static. There was no such thing 
as a static test. Most people who had heard the 
resounding bang with which a piece of steel in 
tension broke would realise that breaking was far 


from a static phenomenon. The explosion of a 
boiler plate also indicated something very far 
removed from a static phenomenon. Further on 
the author had quoted and accepted the view that 
it made no difference to the results obtained in a 
notched bar test whether these were arrived at 
dynamically or statically, i.¢., by gradual pressure ; 
the work absorbed by rupture was the same in both 
cases. The objection to the notched bar impact 
test could not, therefore, be to the impact but to 
the notch. He would answer that the notch was 
only too prevalent in boiler plates and that all 
pieces of metal were provided with a large number 
of minute notches, the majority being caused by non- 
metallic enclosures in the surface of the metal. 
These might well be regarded as giving rise to 
stresses, the distribution of which was not very 
different from, and might be much worse than, 
those met with in the notched-bar bending test. 

Dr. Rosenhain then referred to his paper which 
had been quoted by Dr. Hatfield.* It would be 
seen that the tensile figures for the steel concerned 
were practically unaffected by the heat treatment. 
In other words, the plate in the condition in which 
it had proved itself unable to withstand ordinary 
manufacturing operations, was neither worse nor 
better after normalising. From the tensile test it 
could not be argued that anything was seriously 
wrong with the steel, but yet the impact test gave 
extraordinarily low figures. When the steel was 
normalised, this figure was brought up to its proper 
value. 

Dr. Rosenhain then exhibited a lantern slide 
showing the large ferrite crystals associated with the 
condition of the steel as received. When the steel 
was normalised the coarse ferrite structure dis- 
appeared and with it the low impact value; but by 


suitable treatment the coarse structure could be 
restored and the low impact value would x 
the tensile values remaining i tered. 


(The slide shown was similar for Fig. 5 of Dr. Rosen- 
hain’s paper already reproduced in our columns, 
as quoted above.) 

Dr. Rosenhain proceeded to say that various 
normalising and cold-working operations performed 
on the steel and quoted in his paper, showed that 
severe cold-working, after annealing at 650 deg 
gave a good N.B. figure. But a low amount of cold 


work after normalising led to the production of the 
coarse ferrite Taking the results altogether 


it appeared that the coarser were the ferrite 
the lower was the impact value, but the tensile 
was practically unaffected. With another 
material, less coarsely banded, the response to 
treatment was similar in nature, but not in degree. 
Continuing, Dr. Rosenhain said that not only 
the author but others had contended that when 
criticising the properties of a material, that had 
failed, it should be shown that material of the same 
kind which had stood well in service did not possess 
similar defects. But a comparison with one sample 
of a material of that kind was useless. Engineers 
were aware that every defective part did not fail. 
The fact that a piece of material gave a good test 
result or a bad one, did not prove its reliability or 
safety in service. If the comparison were not 
with one or two, but with a hundred, the weight 
of evidence would be quite different. Further to 
indicate the value and importance of the evidence 
afforded by the notch-bar test, he would quote the 
case of a heat-treated nickel chrome steel forging. 
One such forging broke, under a test very slightly 
above its working load, in an extraordinarily brittle 
manner, into fragments. Pieces cut from the 
fragments gave normal results under tensile test, 
while notch-bar tests gave abnormally low results. 
On the material being heat-treated the tensile figures 
were practically unaffected, and the notch-bar 
results were brought up to normal value. Experi- 
ment showed, in the case of a number of such 
forgings, that with a proper notch-bar value, the 
material withstood not only service but test con- 
ditions extraordinarily well; whereas when there 
was failure under test conditions the notch-bar 
figure was invariably low. That evidence, although 
not conclusive, was very important. 
Dr. Rosenhain therefore that there existed 
enough information about the notch-bar test to 








* Bee ENGINEERING, vol. cv., p. 692, et 2eq. 
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create something more than suspicion of a material 
which gave a low figure. Of course a high notch-bar 
figure might be purchased at too great a cost; for 
instance, if the heat treatment required to produce 
it involved the risk of cracking. Other things being 
equal, however, the higher the notch-bar figure the 
greater the reliance he would place on the material. 
He regarded the notch-bar test as a criterion for 
judging between different phases of the same 
material, rather than as a test for discriminating 
between one material and another. 

Referring to the distinction, made in the con- 
clusions of the paper, between true brittleness and 
notch brittleness, it was necessary when distinguish- 
ing terms to define them. At the previous meeting 
Dr. Howe had desired the author to define brittle- 
ness, and Dr. Hatfield had recourse to the dictionary, 
but the speaker was not disposed to attach import- 
ance even to the best dictionary, in the matter of 
defining technical terms. As defined by Dr. 
Hatfield a thing was not truly brittle unless it 
proved so in the tensile test ; if it gave good elonga- 
tion and reduction of area it was not brittle, no 
matter what it did in the notch-bar test. The 
author had also given an example of brittleness, 
quoting as proof breakage under the blow of a 
hammer. Such a definition would not suffice. 
There were frequent cases in which a material gave 
a good tensile test and yet failed in practice. The 
difference between what Dr. Hatfield termed true 
brittleness and the speaker’s interpretation of 
brittleness was one merely of degree, not of kind. 
Notch testing was merely a method whereby the 
piece became more sensitive to a particular mode of 
fracture; and the sharper the notch the more 
sensitive would the piece be to minute differences 
in properties. 

In conclusion, Dr. Rosenhain again referred to 
the tensile test, regarded by the author as funda- 
mental. Apparently the author was most interested 
in the elastic limit, rarely, if ever, determined. 
More than that, if the test were not a tensile test 
by the extensometer it would tell very little, since 
it was not a constant of the material, but depended 
upon the particular treatment which the material 
had undergone, and was not representative of the 
safe range under repetitive stresses which the 
material would withstand. Knowledge was required 
not so much of the ultimate stress, yield-point or 
elastic limit intension, but the safe range of the 
material for alternating stresses; that was the 
real, fundamental property, in regard to tension 
and compression, which was wanted. The researches 
of his colleague, Dr. Stanton, had shown that range 
to increase rapidly with the carbon content of the 
steel. In practical cases, considerable ductility was 
required, and as a measure of that ductility he 
would be inclined to use the notch test rather than 
the tensile test; it was more sensitive to certain 
minute changes in the steel which appeared to be 
of importance. 

Professor W. E. Dalby expressed his agreement 
with the author in considering the tensile test 
fundamental. The question, however, turned upon 
the meaning of “ tensile test.” The tensile test, as 
ordinarily understood, told a very small part of the 
story which it could be made to tell. 

To illustrate his meaning, Professor Dalby showed 
a number of lantern slides, illustrating extension 
curves obtained with his optical extensiometer. 
All the information that was obtained from an 
ordinary tensile test was the load at which the beam 
dropped, the maximum load and the line of fracture. 
The load at which fracture occurred was not known. 
By putting the pieces together the degree of ex- 
tension could be revealec. |All that was obtained 
from the tensile test was » half co-ordinate at three 
points onadiagram. With nothing more as a guide, 
it was not wonderful that some of the subtle proper- 
ties of the material could not be found, nor was it 
surprising that engineers had to invent and try 
various tests, shock tests among others. To ask 
for a useful test of material, based on such meagre 
data, resembled an attempt to discriminate between 
an Al and a C3 man merely by taking their heights, 
widths across the chest, and the heights of the left 
shoulder. If all the points of loading, from zero 
to break, could be got on to the table, data would be 
afforded for a very different estimate of the material. 


The optical extensiometer curves showed the 
total load and the end of the diagram gave the load 
at the instant of fracture. Instead of three half 
co-ordinates, a complete set of points, one after 
the other, was given. The test was so sensitive that 
dealing with iron bar for instance, it was possible 
from the shape of the curve obtained to identify 
the works from which the iron emanated. The 
method provided a subtle means for detecting 
differences of heat treatment, and he was prepared 
to guarantee that if the four boiler-plate bars referred 
to by Dr. Rosenhain had been tested in accordance 
with the diagrams being exhibited, each of the four 
differences of state would have been brought out 
unmistakably, and with greater distinction than 
shown by the microphotographs, Various slides were 
exhibited by Professor Dalby showing extension 
curves obtained with copper, nickel-chrome steel 
and phosphor-bronze. In connection with this 
latter Professor Dalby observed that as soon as it 
became a question of testing alloys, faith in elasticity 
was small. They seemed to have an elastic con- 
stant, which appeared to vanish after a very small 
load ‘was applied. The shape of the curve would 
be seen to be different from anything else. Man- 
ganese steel had a curve something like a piece of 
brass. The method of cracking was peculiar 
to the material. 

Continuing, Professor Dalby said that except by 
the aid of a tensile test carried out in such a way as 
to make it posible to trace load and extension from 
no load to fracture, no idea could be obtained of 
the differences in shape and the vast field opened out 
for discriminating between different qualities of 
material. Carried out as he had described, he 
agreed with the author that the tensile test was a 
fundamental test. He might refer to a test he had 
made of two pieces cut out of the breach end and 
muzzle end of a gun tube. Upon testing he had 
found a difference in shape indicating possibly a 
difference in working. Believing that a shock test 
might afford information, he had a number of such 
tests made ; the average of these, confirmed that there 
would be a slight weakness at one end as compared 
with the other. In conclusion he considered that 
Dr. Hatfield had done a valuable piece of work, 
but he would not go so far as him in describing the 
shock test as valueless. For the last three or four 
years he (the speaker) had been endeavouring to 
correlate these tests, and see whether one test would 
yield the information now only obtainable from two 
or three tests. 

Dr. T. E. Stanton pointed out that the machine 
coupled with his name in the paper was not designed 
as part of the equipment for testing materials at the 
National Physical Laboratory, but was a special 
apparatus got out by Mr. Bairstow and himself 
when studying the effect of impact. It was 
necessary to find the effect of a small blow frequently 
repeated until the point was reached at which the 
material would not break with an unlimited number 
of blows. He had not ventured to assume that the 
number of blows was a measure of the useful 
toughness of the material. He believed that the 
machine had been taken up lately, and that users 
were satisfied that it furnished a rough measure 
of useful toughness. Engineers generally, when a 
material was put before them, required to know 
the maximum stress the material would stand with- 
out deformation, and whether the material was free 
from any tendency to crack at sharp corners—his 
definition of brittleness. He agreed with the 
author in regarding a tensile test in which there 
was a careful determination of the elastic limit as 
good enough to satisfy the first requirement in 
the case of materials not cold-worked, but con- 
sidered the fatigue test gave the best information. 

With regard to true brittleness he did not think 
the evidence available was adequate to settle the 
controversy which had arisen. He believed in the 
notch-bar test, but the evidence was sometimes 
difficult to meet. He had always thought, until 


recently, that material which was brittle in the 
notch-bar test had a tendency to crack at the sharp 
corners, but he had lately made experiments which 
did not confirm that view. He therefore felt that 
Dr. Hatfield’s opinions had a good deal of backing. 
Early in his paper, Dr. Hatfield had remarked, in 





respect to the practice at the Brown-Firth labora- 





tory: “‘ In the first place the design of the part and 
its relation to other parts in the mechanism in 
which it serves, are carefully studied, togetlic: 
with the actual conditions of service, that is, the 
magnitude and manner of the stresses the part is 
called upon to withstand.” He regarded this as 
excellent practice, which should be adopted every- 
where. Taking, for instance, an aeronautical engirc 
which gave good results in an endurance test. 
Although there were parts of the engine which 
would be heavily stressed, the material being good 
stood the test. Then a batch of weak material 
might come along and failure of a heavily stressed 
part occurred. This was taken out and sent to the 
laboratory, where, on inspection and examination, 
it was pronounced to be bad. That was in many 
cases the end of the matter, although, in his opinion, 
the matter should not end there. The facts should 
be brought home to the designer, which too often 
was not done. 

Mr. C. E. Stromeyer was disappointed that the 
author had not been able to fulfil the hopes, raised 
by his introductory remarks, that he would explain 
why structures failed. No clue as to the cause of 
failure was furnished in connection with the one 
sample which had actually failed, and of which Dr. 
Hatfield had given the test figures. Dr. Hatfield 
had sent him a piece of the angle iron in question, 
and he (the speaker) had had it analysed. This 
analysis revealed impurity as probably the true 
cause of failure. Instead of containing only 0-04 
per cent. of nitrogen it contained 0-17 per cent. 
He had, some years ago, carried out comparative 
tests on samples of failed plates. which he had 
collected for about twenty years, the comparison 
being with good steel. None of the tests would, 
however, discriminate between reliable and un- 
reliable steels. Hearing of Brownlie’s tests for 
nitrogen, he had his steels analysed for nitrogen. 
and then found a sharp dividing line between the 
reliable and unreliable steels, depending on the 
relative quantities of phosphorus and nitrogen, i.e. 
1 phosphorus plus 5 nitrogen, which together should 
not exceed 0-08. In the case of the angle-iron, 
having 0-04 per cent. phosphorus only 0-04 per 
cent. could be allowed for nitrogen, but the analysis 
showed 0-17 per cent. 

The author had submitted 18 test results of 11 
samples of steel, but the test most desirable was not 
given—the reliability test to show how the steels 
behaved in practice. There was one other test 
which Dr. Hatfield might care to take in hand, 
namely, the “ blue heat” test. He had, during his 
examination of 27 steels, heated the samples to straw 
colour, and then bent them through an angle of 
45 deg., subsequently putting them aside for a week 
or a fortnight. He had then straightened them and 
bent them backwards and forwards, as in the 
Arnold test. Of the bad steels 75 per cent. broke 
with the first or second blow, whereas, of the good 
steels not one failed in this manner. Again, on one 
occasion he found that certain samples of steel had 
given bad results as regards bending. The tests 
had been carried out on a winter's day, and, when 
he next had to go to the works, he thought he would 
make a comparison between the bending of samples 
at ordinary room temperature and in the cold. He 
found that all the samples stood the bending test 
satisfactorily at ordinary room temperature, but 
when put into freezing mixture the bad samples 
broke while the good samples were as good as ever. 
He repeated that test with the 27 steels, but the 
result was not very satisfactory. The bad steels 
showed the effect of cold more than the good, but 
the difference was not marked enough to be of value. 
He believed, however, that some such test would 
be useful particularly in relation to flying machines, 
which were exposed to extremely low temperatures. 

Turning to the term “ brittleness,” Mr. Stromeyer 
regarded the word as unfortunate. What the term 
meant in ordinary practice was understood, but he 
preferred “unreliability.” Even Dr. Stanton’s 
definition of brittleness as depending on sharp 
corners was not wholly true in relation to engineecr- 
ing structures, where failures occurred, although 
there was not even a suspicion of sharp corners. 
He had known plates crack at drilled holes. [Dr. 
Stanton here remarked that he referred to “an 
abnormal tendency to crack.”] Mr. Stromeyer 
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next alluded to a sample taken from a burst boiler 
shell plate. It was slightly curved on account of the 
curvature of the plate and the natural thing to do 
with mild steel was to straighten the test piece, but 
the sample broke at the first blow of the hammer. 
A little piece was planed off the two corners, and the 
sample, on being tested again, gave 16 per cent. 
elongation. Further, he had made a comparative 
test of Bessemer and acid open-hearth steels, and 
the tensile and cold-bending tests proved quite 
satisfactory. After waiting for two or three weeks 
he secured new samples, the edges of which were 
planed and a hole driven through the centre. On 
testing, the hole began to elongate and then the 
sample broke, below the hole and within } in. of it, 
right across, with a brittle fracture. He regarded 
that as “ unreliability.” That was Bessemer steel, 
and if steel containing nitrogen behaved in that way 
it was a material to be avoided, If nitrogen were 
introduced into open-hearth steel, the same remark 
would apply, assuming nitrogen to be the real cause 
of brittleness. He had received from Germany, 
before the war, certain samples of steel made by the 
basic open-hearth process from good steel scrap; 
other samples were made from Bessemer scrap and 
also of Bessemer steel, Tests showed hardly any 
difference between the Bessemer scrap and the 
Bessemer steel samples. What he feared was this, 
that people might be forced to use Bessemer scrap 
in the open-hearth furnace, and so introduce nitrogen 
and produce brittleness, 


Mr. F. W. Harbord understood the author’s | 


argument to be that there were two series of tests. 
One of these was the tensile test which had been 
called “ fundamental,” a sort of specification test, 
giving sufficient information to enable engineers to 
carry out most of their structural work. On the 
other hand there was the impact test, which, 
although useful, was not yet raised to specification 
standard. Dr. Rosenhain apparently contended 
that the impact test would, if properly investigated, 
serve as a standard specification test, and had sup- 
ported his contention by details of a chrome steel 
which, under bad treatment gave an impact value 
of 24 to 4 while the well treated steel gave an 
impact value of 9. Other things being equal, to 
condemn parts on the basis of sych a difference 
seemed absurd. It was well known that with certain 
steels, there would be a variation of more than 2 
between the highest and lowest impact values. He 
considered that common sense was necessary, and 
it was unwise to go too fast. It was his opinion 
that impact tests were most useful. Manufacturers 
would, however, not condemn forgings on an 
impact test if the results ‘df. the other tests 
were satisfactory.- Steels in rolled sections were 
small and could be heated uniformly. To take, 
however, a mass of steel, averaging 10 in. or 
12 in. in diameter, heat treat it, and condemn 
the piece, was, he considered, an unjustifiable 
procedure. 


Mr, J. E. Batey quoted from the paper the | 


following passage: “ Sauveur in commenting upon 
this considers that the crystalline growth of strained 
ferrite, when annealed below its critical range, re- 
sulting in the formation of large ferrite grains, 
naturally causes brittleness. It should, however, 
be remembered that Osmond and Cartaud have 
actually examined the mechanical properties of iron 
crystals of large sizes and found them to have 
considerable ductility, and one would judge com- 
parative freedom from brittleness.” He did not, 
however, consider that an examination of the 
crystals would reveal what Dr. Hatfield appeared to 
suggest. Professor Edwards had expressed the 
opinion that it would soon be possible to calculate 
from first principles some of the more important 
mechanical problems of metallic elements, and with 
this view he The electron theory, for 
stance, was now sufficiently developed to bring it 
to bear upon the question of the mechanical proper- 
ties of metals. The cohesive force between the 
electron and the atom or corpuscle was the strongest 
force known, and was the very starting point in the 
mechanical properties of metals. Professor Sir J. J. 
homson had calculated that the energy within a 
cubic centimetre of metal, due to the collision of 
electrons, was equal to the energy developed by an 
electric power station of considerable size. Taken 


in conjunction with the statement that the passage 
of one ampere across a section of wire meant the 
passage of 8-79 by 1018 electrons per second, this 
affords some idea of the internal energy dealt with 
in metals. In applying the electron theory to the 
testing of steels, the tests must be either electric or 
magnetic or both; the former took account of the 
quantity of electrons passing through the samples, 
which the latter considered the momentum of the 
electrons. Again, the former dealt with the specific 
resistance of the sample, while the latter measured 
the area of magnetisation, by a curve, by having an 
electromagnet test of the sample, or by making a 
balance similar to the Kelvin balance. Should it 
be possible to make any of these tests to a sufficient 
degree of fineness, he believed the results would be 
valuable. 

Mr. H. M. Duncan referred to the fact that Dr. 
Hatfield had urged that in examining a failure a 
successful part of a similar steel should also be 
examined, ‘eliminating features common to both by 
a process of cancellation. He considered this course 
dangerous, as neglecting the fact that failures were, 
in most’ cases, due to the sum of many causes. The 
effect of say, coarse structure associated with some 
other defects mentioned might just turn the scale 
and cause a material to break. He would not, 
however, isolate coarse structure as the cause of 
failure. Referring to brittleness the definition “ apt 





to break”? was a good one. All steels were “ apt 
| to break” if stressed sufficiently high. Brittleness 
Was @ comparative term, not a definite one. He 
would refer to the case of a shaft end which broke 
| after it had run successfully for eleven years, A 
| study of the tests gave room for surprise that it had 
run at all, seeing what were the Izod, Stanton and 
‘Sankey figures. The steel showed considerable 
brittleness ; yet by Dr. Hatfield’s standard, it should, 
/having run eleven years, be all right. He would 
‘direct attention to the fact that the static tests did 
not show much wrong with the material ; they did 
not indicate closely the degree of brittleness. 
Engineers required a test which would indicate 
the degree of brittleness possessed by any part; 
they did not want to reject a forging, but they did 
want to be fairly certain that it would not break 


down in service. ‘ 

He had personally found thaf;the Sankey test 
would discriminate between d@égfees of brittleness 
in steel, whether due to faulty heat treatment, to 
insufficient work on the material, or to ngp-metallic 
inclusions, or even to incorrect selection of the ingot 
cast before forging. He would be prepared to pass 
any forging on the results of the Sankey test alone. 
Oi course, it would be seen that the Sankey test gave 

|approximately the yield point and the maximum 
| stress, while the reduction of area and the elonga- 
|tion could also be obtained from it. Mr. Duncan 
| then referred to a large forging which had a cavity 
in it. The forging had been turned nearly to 
| size, when a small bole was noticed. It was decided 
to break the forging to see what was the matter. 
| The cavity, resembling that of two soup plates put 
face to face, was revealed. It measured 3 in. across 
‘in a longitudinal direction. There were many 
difficulties incidental to large forgings, quite apart 
from ability to stand up to mechanical tests. 

Dr. Hatfield, replying to the discussion, said he 
did not think there was much that he could say in 
reply that was not already said in the paper itself. 
He would, however, notice a few points. Dr. 
Rosenhain had criticised the paper less severely 
than he had anticipated. Indeed, there was no 
great difference of view. Dr. Rosenhain and he 
disagreed mainly as to the value of the results of the 
impact test, and then only on the application of the 
data. He had not written the paper with any idea 
| of asserting that impact tests were of no use; any 
test which brought out information which no other 
test revealed must, obviously, be of value. It 
| might be a long time, however, before the information 
could be placed. Just as the Izod or Charpy test 
brought out information—on which perhaps Dr. 
| Rosenhain placed too much reliance—so did the 
Stanton or the Arnold or the Sankey test. He 
coupled the two former tests because the data 
derived from them was of a similar order and related 
to the same physical property, whereas the informa- 
tion given by the other three tests undoubtedly 


differed, the data yielded by one affording no 
indication of the information which the others 
would give. Replying to Mr. Stromeyer, Dr. 
Hatfield said that he had sent him a piece of the 
steel knowing that he (Mr. Stromeyer) would look 
for nitrogen. He had long disagreed from Mr. 
Stromeyer’s view that nitrogen caused brittleness in 
steel, and would assure him that it was not the case. 
He would be willing to send the remainder of the 
angle-iron to Mr. Stromeyer, who could put it under 
the steam hammer or do anything with it, but he 
would not find it brittle. The material broke when 
handled by the structural engineer. It had been sent 
to the speaker as a piece of brittle steel ; he believed 
it was brittle, and there his “‘ apparent brittleness ” 
came in. The balance of the piece could not be 
broken by the steam hammer. Dr. Hatfield re- 
minded Mr. Stromeyer that in the manufacture of 
Bessemer steel nitrogen was blown through all the 
time, and that many railways had been laid with 
Bessemer steel. Many boilers had been made of 
Bessemer steel and done good service. Had not the 
acid Siemens process been invented, the Bessemer 
process wouid have done very well. All metal- 
lurgists would agree that nitrogen in steel did not 
cause brittleness, at all events, in the quantities 
met with in steel produced by any industrial 
operation. 

The effect of cold, referred to by Mr. Stromeyer, was 
important and of interest to engineers dealing with 
the work of aeronautical design, In this connection 
he felt that Captain Sankey’s test, carried out at 
50 deg. below zero, would prove instructive. He 
believed that Sir Robert Hadfield and Dewar had 
experimented extensively on the strength of steels 
at very low temperature, bringing out the interesting 
fact that many steels progressively increased in 
their maximum tensile stress while their ductility 
decreased. One steel, a nickel steel, maintained 
the same standard of strength as it went down in 
temperature. Unfortunately the tests were tensile 
tests only, and the information which auxiliary tests 
might have yielded was not available. 

Dr. Hatfield accepted Professor Howe's criticism 
of the use of the word “ fundamental” in relation 
to the tensile test. He did hold the tensile test to 
be more trustworthily indicative than other tests 
of the fitness of the material for its purpose. With 
regard to the interpretation of “ brittleness,” words 
were certainly often used nowadays to convey a 
meaning which formerly they did not possess, 
Nevertheless, language should be kept as pure as 
possible. He thought that the definition “ to break ” 
or Dr. Stanton’s definition, “tendency to crack” 
—a modified form of Dr. Johnson’s definition— 
would sanction the retention of the word “ brittle.” 
As to “apparent brittleness,” he had used that 
phrase to cover the case of sharp crystalline fracture 
in a broken part, which looked brittle, as a conse- 
quence of the manner in which it broke ; but which 
if properly broken would not have the sharp crystal- 
line appearance unless it really was brittle. He 
thought the discussion had justified his use of the 
term. It had also been ‘suggested that “ notched- 
bar brittleness” was an incorrect phrase, The 
brittleness of steel under the notched-bar test 
could not be indicated by any other form of test. 
He considered therefore that the term might stand. 

As suggested in the paper, he would urge that 
engineers should take more interest in the work 
which a part was called upon to play from the stress 
point of view. If they studied the materials better, 
then, when a successful part was tested, valuable 
information would be obtained. Dr. Hatfield asked 
Mr. Duncan whether he knew that the shaft he 
spoke of would have failed had it been reasonably 
stressed ? He submitted that Mr. Duncan did not 
know. Taking the evidence afforded by other 
cases he questioned whether it would have failed. 
The material was typical of a great deal of steel 
that was to-day put into important parts. It was 
essential to realise the physical, chemical; micro- 
graphic and mechanical properties of the steels in 
use, and if the paper had pushed home that fact 
alone it justified the work bestowed uponit. To-day 
large parts were made of steel having indifferent 
characteristics from a physical and mechanical 
point of view, but which might very well be made 





of better steels. The nickel-chrome steels had a 
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much greater application than was at present 
realised. 


This terminated the discussion. A vote of thanks 
was then passed to the Institution of Civil Engineers 
for the use of the hall during the session. The 
president observed that there was every hope that 
the Institution of Mechanical Engineers might 
resume possession of their own house before the next 
session commenced. The president further said 
that the next ordinary meeting would take place in 
October of the present year, when he hoped to 
deliver his presidential address. 





TOSI SUBMARINE ENGINES. 
In view of the outstanding ey played by sub- 


m types of 
interest at the present 
time, and we publish herewith information relative to 





Fie. 2. Erent-Cytrmper Four-Cycie EnGrine. 


the Tosi submarine engine and a description of two 
engines—one a four-cycle, and one a two-cycle, to 
which reference was made when comparing the two 
cycles of operation in our article on ‘ Two-Stroke 
rersus Four-Stroke Internal Combustion Engines,” in 
Enotngerinc, November 1, 1918, page 482. As was 
then pointed out, the comparison was particularly apt, 
since these two engines of equal power—1,300 b.h.p. 
per engine—followed in their design the same general 
character, as will be clear from an inspection of Figs, 1 
and 2 above. Both engines being for submarine pro- 
pulsion where space is strictly limited, are of the trunk 
piston type, totally enclosed with steel castings for the 
crank-case, and through-bolts to take the main tension 
load from off the main castings. 

The two-cycle engine has six, and the four-cycle 
eight, working cylinders. In the case of the four-cycle 
a four-stage compressor is mounted at the forward end 
of the main engine, whilst the two-cycle has a 
scavenging pump and compressor pump at both ends 








of the main engine, with a scavenging air reservoir 
formed integral with the main framing. 

The results of comprehensive trials with these two 
engines, together with the main deductions to be 
drawn therefrom, were given in our article already 
referred to, and we are now able to give these test 
results in detail (see table). It should be mentioned in 
passing that whilst the results of the four-cycle engine 
are excellent, those for the two-cycle are considerably 
inferior to the best present-day practice with two- 
cycle high-speed engines. Such a unique test, however, 
reflects great credit upon the builders and naturally 
attracts considerable interest to a detailed description 
of the design, and consideration in the following will 
chiefly be given to the more successful engine—the 
four-cycle eight-cylinder engine. 

The conclusions arrived at as a result of these com- 
prehensive trials were in favour of the four-cycle type 
on account of lower fuel and lubricating oil con- 
sumptions, greater flexibility, in that the principle of 
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the four-stroke cycle makes possible the lowering of 
peed of revolution to a smaller percentage of the 
full power speed than is the case with the two-stroke 
Also, as already explained more silent running, 
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cycle, 
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greater reliability, due in measure to the fact that the 
valve gear, &c., runs at half the speed of revolution 
of the crankshaft, and easier temperature conditions 
in the cylinder generally. 


























are bolted together to give rigidity to the whole struc- 
ture, and through bolts from the top of the framing to 
the bedplate relieve the jackets and crankcase castings 
of tension stresses. Ample inspection doors are pro- 
vided for dismantling. The engine is force lubricated 
throughout. The crankshaft and connecting-rods are 
hollow to that end. 





Each cylinder is provided with two inlet and two 
exhaust valves and one fuel injection valve. The 
inlet valves seat in the cylinder head, whilst the 
exhaust valves have separate cages. The valve gear 


<3 
—N \ Whilst on this account Messrs. Tosi reverted to the | is of the simplest type, since the engine is not rever- 
ANN c P ype 
NY four-cycle for all engines of small and medium powers, | sible, the camshaft running along the top of the 
WEAN NA | it is quite impossible to dogmatise where large powers | cylinders, being driven from the crankshaft through 
NEY WES y g g 
N BUN NY oN are concerned. Messrs. Tosi have built a considerable | a vertical shaft and skew gearing, while the usual roller 
T Navas YBN number of very large two-cycle engines, which are|and lever mechanism gives the valves their motion. 
RY NaN Nie \ running quite satisfactorily. A four-stage compressor is driven from the forward 
N aN Nie \S N Many features of both of these engines are similar | end of the engine. 
N NAN NPN A to those developed for the low-speed Tosi four-cycle| There are certain details of which we are enabled to 
N NHN 5 : N N Diesel engine already fully described in ENcrnzERING, | give drawings. The gudgeon pin construction with 
N@N NBN A age 25 ante. The cylinder, crankcase and bed-|a sleeve keyed on to the pin proper, which sleeve 
NBN NEON J pag’ ye pi prope 
\ Seek NEON plate are of cast steel. "The jackets of the cylinders | forms the bearing surface, is the same as with 
N Nerds NReN the slow-speed engine (see Fig. 3). This sleeve 
NaN NBN Full | Full | Three- | Half | Over- | permits of a reduction in the gudgeon pin bearing 
Naa NIN Load, | Load. | quarter | Load.| load. | pressure from some 2,000 lb. per square inch to 
‘is 18 N | Load. 1,400 Ib. - square inch. The bearing is force- 
Naa Ni N lubricated by a supply of oil under pressure through 
Ng =i \ «X 4 Type of engine .. Two- | Four-| Four- | Four-| Four- | the hollow ptr - ae | White metal is run into 
\ IS Pe eyele. eyele. oyele. evele. 7. the solid eye ‘4 y= aye and the ry 
N NAS in is preven rom turning or coming out by the 
SAWN SRS Duration of trial -»| — | 86hrs.) 06hrs. |12 hrs.) 1 br. 
NWN NES Power. 1,300 | 1,300'| 950 650 | 1,485 [ocking pin as shown. . ‘ , 
AN Ny Revolutions per minute | "300 | ‘300 | 260 20) — The liner with its spiral rib, the cylinder head with 
aN Fuel visticlslioasen: one fuel injection, two exhaust and two inlet valves, 
aN J our .. .. «(0-540 |0-390 | 0-410 |o-488 | ~— | the induction system drawing from a reservoir formed 
SR Lametenting off consemp- of the engine framings, the oil-cooled piston with 
Ny e » 
IAIN | tomeswerhour™-j-osn-ois] — | — | — |spigal duct in, the pleton crown. for the coling of 
N 
Ss C<«\\ Ssh 


forced lubrication to all the beari engine start- 
ing means without air starting valves in the oy- 
linder heads, separate fuel injection pumps for each 
cylinder so timed as to preclude coincidence of cylinder 
injection and pump rari valve gear driven by 
spiral gears and a vertical shaft, are all as described 
in detail in connection with the slow speed e engine in 
our issue of January 3 last, page 25. The special 
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Construction of the pi crown to increase the 
efficiency of oil cooling is clearly shown in detail by 
Figs. 4 and 5 annexed, 

There are, however, certain differences which must 
be recorded. Although two exhaust valves per 
cylinder are provided, these valves are, as stated 
above, placed in separate cages and do not seat in the 
cylinder head as in the case of the slow-speed 
engine. Moreover, although the diameter of the valve 
is relatively small, there being two per cylinder, 
each valve is internally water-coo! the water 
supply being by means of a spiral pipe attached to a 
special nut on the top of the exhaust valve spindle. 
The construction of the valve and its cage will be 
clear from reference to Fig. 6. The inlet valves seat 
in the lower face of the cylinder head. The main 
water-cooled exhaust connecting pipe is fitted inter- 
nally with a light spiral baffle to prevent interference 
of the exhaust of one cylinder with that from another, 
since with an eight-cylinder four-cycle engine two 
cylinders will exhaust at the same time at certain 

ints in the revolution as indicated by the diagram 

ae 

The main trunk pistons are in two pieces, the upper 
carrying the seven piston ri and the lower serving 
to carry the gudgeon pin and to take the side thrust 
of the connecting rod. Whilst the two-cycle sub- 
marine and the slow-s four-cycle engines are 
reversible, the high-s four-cycle engine is not made 
reversible. In the case of these submarine engines 
reversal is carried out by declutching the main engines 
and then going astern on the main electric motors, 
which are fitted to all submarines, for under-water 
navigation. This means, in practice, that all 
mancuvring is done on the main electric motors. 

The Tosi four-cycle submarine engine is not fitted 
with any starting device. In the case of the slow- 
speed engine, it will be remembered the low-pressure 
compressor cylinders were fitted with special piston 
valves, and relatively low-pressure com air 
operating in these two dou a cylinders with 
cranks at 90 deg. was relied upon for starting. In 


starting these submarine engines either the main pro- 
pelling electric motors or a separate starting engine can 
used. 


The case against starting air valves in the main 
cylinders was given when describing the slow-speed 
engine. The necessity for complete reliance on the 
main electric motors for starting is objectionable, on 
account of the big starting torque required, although 
in this case decompressing means are fitted. There 
is also the fact that the engine during the starting 
period is out of the control of the engineer, and is con- 
trolled from a different compartment, and may, due 
to negligence or faulty electric connection, be started 
in the astern direction of rotation instead of the ahead 
with ibly serious consequences. Furthermore, a 
breakdown of one of the main electric motors would 
prevent starting of the main Diesel engine on that 
shaft and so put it out of action. 

For starting by compressed air a compressed air 
starting auxiliary engine has been designed (see Fig. 8). 
This engine has three radial cylinders, opera by 
compressed air, and it drives a pinion with teeth in the 
periphery of the flywheel. These teeth, although not 
clearly shown in the illustration, are slightly spiralled 
in pcs fe to keep in ment so long as the servo- 
motor is the driver. hen the main engine picks up 
on fuel and becomes the driver, the thrust of the 
spiral teeth pushes the pinion forward, and so out of 
engagement with the flywheel. The reduction ratio 
servo-motor to main engine is of the order 20 to 1 
and full speed of the main engine 400 r.p.m. The 
illustration shows the compact nature of this starting 
device, which in this case serves a 400 h.p. submarine 
engine. For comparison it may be stated that the 
diameter of the flywheel, which also contains the main 
toggle clutch between the main engine and the electric 
motor, is approximately 4 ft. It should be stated 
that when this device is fitted the main ine is 
provided with decompressing gear so that the starting 
motor torque may suffice to give the main engine the 
speed of revolution requisite for picking up on fuel. 

To return to the 1,300 b.h.p. engine, all the auxiliaries, 
as is not uncommon with submarine practice where 
electric power from batteries is always available, are 
driven by electric motors. These comprise the pum: 
for the cooling water and lubricating oil pumps. The 
weight of the engine works out at 66 lb. to 70 Ib. 
per B.H.P. 





Royat Socrety or Arts: ALBertT MepaL.—With 
the approval of H.R.H. the Duke of Connaught, President 
of the Society, the council have awarded the society's 
Albert Medal for 1919 to Sir Oliver Lodge, D.Sc., F.R.S8., 
“in recognition of his work as the pioneer of wireless 
telegraphy.”” The medal was instituted in 1864 to 
reward “distinguished service in promoting arts, manu- 
factures and commerce.”’ The presentation will be made 
by the Duke of Connaught, at Clarence House, to-day, 
the 6th inst. 





INDUSTRIAL NOTES. 


Mr. A. W. StRaKEr, sec of the Northumber- 
land Miners’ Association, member of the Executive 
of the Miners’ Federation, was examined at the sitting 
of the Coal Commission held on Wednesday, May 28, 
and dealing with the present decrease in coal output, 
stated that the pits had been largely overcrowded by 
soldiers returning to the mines. mine owners had 
been under a pledge to reinstate the miners who 
returned from the services; on the other hand, he 
added, the miners strongly objected to the displacement 
of men who had served the country well in the mines 
during the war. A certain amount of overcrowding 
occurred which had an influence on output. Some 
pits, moreover, had been losing time owing to the 
shortage of trucks. 


At the sitting of the following day, Thursday, 
May 29, Mr. Straker continued his evidence, and.stated 
that under nationalisation the National Council of 
Mines would be able to deal with all questions con- 
cerning the export trade, and would have freedom 
of movement in regard to prices and rapidity of 
decision as to competition. The Council would give 
the export agent sufficient latitude in the lowering of 
prices to enable foreign competition to be met, in the 
same way as directors did now. The Council would, 
further, consider the vital interests of the consumers, 
but would not give them any representation on their 


body. 

Me. J. Winstone, president of the South Wales 
Miners’ Federation, then said that six months after 
war broke out the South Wales coalowners found 
themselves with an unemployed balance of 23,000 men. 
After the signing of the armistice the South Wales 
mines had the full complement of men that were there 
when the war broke out. The overcrowding of the 
collieries, the want of development and industrial 
disputes had seriously affected output. Moreover, an 
idea had been gradually developing in the men’s minds 
that it was right on their part to maintain the coal 
output within reasonable limits, presumably in order 
not to produce wealth for other people, and if the 
Commission, he added, did not take that point into 
consideration it would be missing one of the essential 
factors in the situation. 

Mr. Joseph Shaw, K.C., speaking on behalf of the 
South Wales and Monmouthshire Coal Freighters’ 
Association, stated that under private enterprise the 
British coal output had extended very rapidly during 
the last forty years, the percentage of increase being 
123 in the United Kingdom and 250 for South Wales. 
The excellence of the management had kept the 
collieries fully employed. For a period of twenty 
years before the war only 480]. per annum, on an 
average, was paid for demurrage. It was the opinion 
of his association that nothing but disaster could follow 
the placing of the mines under Government control. 

Speaking on behalf of the Scottish Coal Exporters’ 
Association, Sir Daniel Stevenson said there was an 
impression among his colleagues that nationalisation 
in any form would greatly reduce the output of coal 
and consequently render impossible the maintenance 
of exports on pre-war bases. Should that occur, the 
railways and docks would lose the enormous revenue 
derived from the transport and handling of export coal, 
and a whole army of miners, coal trimmers, railway 
workers, dock labourers, sailors and engineers would 
be thrown out of work. 

Sir Keith Price stated he had been responsible for 
the control of over 50 Government factories ; he found 
these had been satisfactorily run, and the management 
and results did not compare unfavourably with private 
enterprise. Among his objections to Government 
control, however, was the weakness of any Government. 
organisation in purchasing raw materials on com- 
petitive lines and in marketing its products ; he could 
not see how this could be done satisfactorily on com- 
mercial lines without acute controversy. 


The sitting of last Friday, May 30, opened with the 
evidence given by Mr. E. Smallwood, chairman of the 
Coal Merchants’ Federation of Great Britain, in whose 
opinion any system of nationalisation of mines and 
minerals which interfered with the individual enter- 
prise, oversight, experience and incentive of those 
connected with the industry would have a disastrous 
effect. The standardisation of coal and appliances 
was outside the range of possibility. Under the 
competitive system, the reward of the colliery owner 
was kept in check, whilst under State management 
the industry might be used for the purpose of raising 
—— sums of money for revenue pu’ The present 
high price of fuel, he added, was ly due to the 
measure of State control now exercised. 

three miners’ wives had given evidence as to 
housing accommodation, the Hon. F. M. B. Fisher, 
New Zealand Government, stated that New Zealand 
had nationalised many industries, including coal 





Mr. Webb had said that under Government there 
would be fewer strikes than under private ownership. 
Evidence from New Zealand w prove that that 
was wrong. During the national strike there, in 1913, 
the national coal miners and sailors in Government 
steamers did not hesitate to join the strikers. In 
1890, the New Zealand railways, which were completely 
nationalised, went out in a body. Departmental 
regulations, he further stated, robbed a man of 
practically all power of initiative; the principle of 
Government Departments was that if you give a man 
power to take a decision he may make a mistake, 
hence in order to avoid mistakes he avoids taking 
decisions. He failed to see how it was ible un- 
ceasingly to shorten hours, increase wages, Timit output 
and still com with other countries in which these 
conditions did not apply. Nationalisation created a 
monopoly and a State monopoly was worse than a 
private one. A State monopoly could obviously be 
used for party political pressure. 

Mr. Havelock Wilson, M.P., and Mr. W. Cash, 
chartered accountant, also spoke against nationalisa- 
tion. 


The Coal Commission resumed its sittings last 
Tuesday, the 3rd inst., when Mr. G. Rose, chairman 
of the National Council of Coal Trades and Rail-borne 
Coal Factors and Wholesale Merchants’ Association, 
expressed the view that nationalisation or Government 
control of any kind destroyed individual effort and 
initiative, and created a feeling of irresponsibility. 
Government procedure was too cumbersome for the 
conduct of commercial enterprises. He instanced 
a case in which it took four months, and about twenty 
committee meetings involving a loss of one to two 
days to 15 or 20 men at each meeting, to settle a 
point which two business men would have agreed upon 
in half an hour. 

Mr. E. 8. Williams, president of the National 
Association of Colliery Managers, having 1,600 members 
and branches in every coalfield, said that in the interests 
of safety and efficiency, discipline was absolutely 
necessary in the working of coal mines; it was, there- 
fore, imperative that one man should have sole charge 
and direction of the work, and the possibility of 
appealing to a joint committee would undermine all 
sense of responsibility and destroy discipline. In the 
past, pit committees had often asserted the right of 
preventing men from carrying out urgent and necessary 
work, and as a result working places had had to be 
stopped in order to make them safer later. A ship 
at sea could not be navigated under the joint control 
of a committee of the crew with representatives of 
the owner. 

Mr.- P. Muschamp, president-elect of the same 
association, added that the State had never yet proved 
its capability of managing a business successfully ; 
the stupendous waste and mismanagement by the big 
— departments during the war tended to prove 
that a great industry like the coal trade would be 
absolutely ruined if it came under Government control. 

Sir John Maclaren, president of the Leeds Chamber 
of Commerce, put forward resolutions® by the 
Chamber, which took exception to the Commission as 
not being a body fairly qualified to deal with the 
question ; this, the resolutions said, ought to be settled 
in the national interests and not in that of either the 
miners or the owners; they objected, further, to 
nationalisation from the consumers’ point of view. In 
importance, the interests of the consumers far out- 
weighed those of either the miners or the owners. 
The excessive rise in the price of coal had resulted in 
so increasing the cost of finished products in this 
country that foreign manufacturers could undersell 
us and foreign customers would not purchase our goods. 
At the present time, steel for shipbuilding was 2I. per 
ton cheaper in America than here. 

Mr. G. H. Wright, secretary of the Birmingham 
Chamber of Commerce, and Mr. W. F. Gardner, 
president of the Glasgow Chamber of Commerce, gave 
evidence to the same effect ; other witnesses also spoke 
against nationalisation. 


In a recent issue of The Labour Gazette, the Director 
of the Department of Labour Statistics gives informa- 
tion on the rise in rates of w during the war. 
He states that in the first half of 1914, rates of wages, 
which for three years previously had been rising, 
were showing a tendency to fall. Soon after the 
outbreak of war the downward movement was checked 
and few changes were recorded in the last five months 
of 1914. Towards the end of the year, however, the 
increase in the cost of food, cou with the growing 
demand for labour arising from the withdrawals of men 
from industrial occupations into the Army, led to 
applications for increases in wages, and early in 1915 
war bonuses or war wages increases were granted to 
railway servants and shipyard workers generally, and 
to large bodies of workmen in the principal centres of 
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the engineering trade. The movement gradually 
spread to other trades. 

Dealing with the industries which are of s 
interest to our readers, it is stated that until 1917, 
the additions to, or deductions from, rates of wages 
in the coal-mining industry mostly took the form of 
percentages, calc on the “ basis” or “ standard ” 
rates of a particular date; and the rates paid in the 
summer of that year varied, in different coalfields, from 
28 per cent. to 47 per cent. above those paid in August, 
1914. In September, 1917, flat-rate war grants of 
ls. 6d. a day in the case of workers 16 years of age and 
over, and 9d. a day for those under 16 years, were 
added under a decision of the Controller of Coal Mines, 
and in 1918 these amounts were doubled as from the 
end of June. In accordance with the recommendations 
of the Coal Industry Commission a further increase 
of 2s. per day for men and 1s. for boys has been granted 
to date from January 9, 1919. For the great majority 
of the men employed the general increases over pre-war 
rates in the principal coalfields are now as follow :— 


Northumberland 47 per cent., plus 


5s. per day. 
South Wales 46 re és 
Scotland .... ai on oe oe - 
Durham, Yorks., Lancs. 
and Midlands .... — o - 
Bristol, Radstock and 
Forest of Dean .... 28 to 33 per cent., 


plus 5s. per day. 


In some cases the average increase in wages has been 
rather greater than these figures indicate, owing to the 
grant of special advances to particular classes of men. 

At iron mines and open works, where wages generally 
are regulated by the selling prices of pig-iron, the 
increases during the war have varied in different 
districts. On the average, rates of wages (including 
bonuses) have been rather more than doubled. 

In the paragraph covering iron and steel manu- 
facture, the article says that blast furnacemen in 
Durham and Cleveland have had increases in 
equivalent to nearly 68 per cent. on their pre-war 
rates and, in addition, war w advances or bonuses 
ranging from 2s.’3d. to 2s. 10d. per shift. In Scotland, 
they have received percentage increases equivalent to 
51 per cent. on their pre-war wages and a bonus of 
3s. 9d. per shift. Iron and steel millmen in the 
principal districts have mostly had increases of 113 per 
cent. to 117-5 per cent. on pre-war rates, and iron 
puddlers increases of corresponding amounts. Steel 
smelters, pitmen, &c., generally have received advances 
ranging for the higher paid men from 60 per cent. to 
77 per cent. on pre-war rates. In the case of the 
lower-paid men, the increase has varied according to 
the pre-war rates, being over 150 per cent. for labourers 
rated at, say, 22s. 6d. per week before the war. 

Dealing with engineering and shipbuilding, it is 
stated that the increases represent different percentages 
in the case of different classes of workers, according 
to the variations in the pre-war rates of pay. The 
following figures are the average amounts of increase 
(inclusive of the 124 per cent. bonus) granted from 
August 4, 1914, up to the end of April, 1919, on the 
district time rates for men in certain representative 
occupations in a number of the ae engineering 
and shipbuilding centres, and the equivalent percentage 
increases over pre-war rates :— 


Engineering— s. d. Per cent. 


Fitters and turners 37 11 98 
Iron moulders 38 2 92 
Labourers .... 35 5 156 
Shipbuilding— 
Platers.... 37 4 93 
Riveters .... 37 0 98 
Shipwrights 37 7 91 
Labourers .... 35 2 154 


In addition to: these increases in wages, the weekly 
hours have been reduced to 47 (usually from 53 or 54) 
without any reduction in weekly time rates. 

Railway servants generally, engaged in the traffic 
sections, have received flat rate advances, during the 
war, amounting to 33s. per week for men, and 16s. 6d. 
per week for boys. Men in the railway engineering, 
&c., shops receive the same general increase as men in 
the engineering trade. 

Dock labourers at the principal ports have mostly 
received advances amounting to about 6s. to 8s. per 
day. For seamen the cash rates for able seamen and 
firemen, which were usually 5/. and 5/. 10s. per month, 
respectively, in the first half of 1914, have nm raised 
to 11. 10s. for able seamen and 12I. for firemen. In 
addition to these rates a special war-risk bonus, 
amounting to 3l. per month in the case of vessels on 
monthly articles, was granted in October, 1918, to 
men on vessels trading within the war zone, and has 
since been extended for the period covered by the 
Wages (Temporary Regulation) Act. In the carting 
industry, and in the tramway and omnibus services, 

. 





a general war wage advance of 30s. per week over 
pre-war rates has been granted. 

In addition to these increases in wi , & shorter 
working week has been adopted, generally of 44 hours 
for dock labourers and 48 hours for railwaymen, 
carters, tramway and omnibus servants, &c., without 
any reduction in weekly wages. 





es on Wednesday, May 28, at a meeting held 
at Harrods’ Stores in connection with a scheme for 
establishing an association for the Advancement of 
Education in Industry and Commerce, Lord Lever- 
hulme stated that there had grown up in the mind of the 
British workman a false idea that capital was his 
enemy and that his interests were best. served by 
following a policy of ca’ canny at his work. The 
majority of workmen in London to-day believed 
in the policy of making one job serve two men when 
it ought to serve one. This was a false doctrine, and 
it had resulted in the astounding fact that wages were 
lower in England than in any other English- 
country. The country where w were highest was 
the United States, and the United States could uce 
a motor car for 100/. less than the co: car 
could be produced, on lower wages, in this country. 
It was not high wages, but the output which came into 
play. In spite of the obstacle of protection, w: 

a 3 the standard of comfort were higher in America 
than here, and yet the British people thought America 
was proceeding on wrong lines. Mr. Gompers had 
publicly stated that America had discarded the 
ca’ canny policy, and an American had pointed out 
the significant fact that whilst in‘'England 85 per cent. 
of our labour was trade unionist, in America the 
‘proportion was only 15 per cent. Personally, he 
(Lord Leverhulme) believed trade unions to be 
necessary, but if they would realise that trade could 
be carried out only by the efficiency of their members 
securing intensive production without fatigue, then 
this country might be brought to the front line of 
production. 





THE STILL ENGINE. 
To tus Eprror or ENGINEERING. 

Si1r,—The combined internal-combustion and steam 
engine referred to on page 708 of your last issue is 
certainly not a novelty. built several ines, very 
similar to the one you describe, in 1902 and 1903, and no 
doubt others have done the same before or since. It 
is not difficult by the method mentioned to get rather 
more work per pound of fuel burnt than is possible with 
an ordinary internal-combustion engine and to attain 
self-starting and reversibility, but the extra complication 
and increased cost is hardly justified by the saving 
effected. The real ‘‘ snag,”” however, lies in the latent 
heat of evaporation of water. 

If you have an internal-combustion engine developing 
20 h.p. in total energy of combustion, you will get about 
6 h.p. on the brake and about 13 h.p. dissipated in the 
jacket and exhaust. Supposing it were — (which 
it isn’t) to use the whole of this waste t in raising 
steam, only about 6 per cent. could, theoretically, be 
recovered as useful work. In other words, since the 
thermal efficiency of a small reciprocating steam i 





to look after the department of which he is the head 
and for which he is held responsible. The 
manager gets a three times as big as that of the 
professional man serving under him, and this would seem 
the reason why the latter is only too often looked upon 
by him as a subordinate and treated with scant respect. 
The official having to work shop hours and overtime 
without extra pay, leisure hours are practically unknown 
to him; so to secure more equitable treatment it ip to 
be hoped that through the medium of Enciverrme, 
this may be accompli > 
Yours truly, 
May 2, 1919. * Bpawrem Mary,” 


DRAUGHTSMEN. 
To rue Eprror or ENGINEERING. 
Si1r,—The statement of the editor of The Draughteman 
is quite correct, and if such an inference as he fears 
were drawn from my letter, I should be sorry. There 








is only one point in “ Scrutator’s” letter uw which a 
little explanation may be worth while. iation to 
the es Union Cong is a trades union matter, 


and no ballot is legally required. The desirability of 
taking a ballot upon this point was a matter only within 
the competence of the Representative Council. Affilia- 
tion to the Labour Party involves political action, and 
inasmuch as trades union funds may not be spent for 
political purposes, such money as is so spent must be 
contributed voluntarily, and a ballot, consequently, 
would have been a | necessity. 

If your correspo: ts wish to discuss these matters 
further I shall be happy to continue in the columns of 


The Draughteman. 
Yours faithfully, 
Ernest H. WALKER 
(Chairman Executive, A.E. and 8.D.). 





THE ATLANTIC FLIGHT. 
To THe Eprror oF ENGINEERING. 

Srr,—In your issue of May 30, Sir George Greenhill 
gives us his revised views on long-distance flying. 
Although, under the instruction of Mr. Glauert, his 
treatment of the subject has improved, his conclusions 
cannot but be a source of amusement to those having 
some acquaintance with aviation. Unfortunately, there 
are many people who imagine the pronouncements of an 
eminent personage, irrespective of their subject, are to be 
considered as ex cathedra. 

An investigation of heavy howitzers, in the light of 
the elementary trajectory (in vacuo) would h 
received with entbadinan in ballistic circles; but 
Sir George’s treatment of the Atlantic flight is closely akin 
to this. He arrives at the conclusion that the limiting 
range of the Handley-Page and ‘“‘ other machines where 
any fi are divulged which can be subjected to the 
test of arithmetical calculation ” is not more than 1,000 
miles. This amounts to giving the lie direct to those 
responsible for the calculation of the ranges of the 
Atlantic machines. It is a serious statement when made 
by a responsible person. 

It is‘not necessary to deal in detail with the erroneous 
assumption on which Sir George Greenhill’s results are 
based, since his statistical paragraphs are self-con- 
demnatory. Further, there is little doubt that a non-stop 
flight exceeding 2,000 miles will have been made before 
the end of the current year. The following results already 
accomplished, will also assist us to appreciate the state- 
ment that “It seems prudent . . . to assign a 
di ter of action of the H/A flying machine of not 





and boiler does not exceed about 6 per cent., only about 
6 per cent. of 13 h.p. or, say, 0-8 h.p. would, theoretically, 
be available to assist the internal-combustion engine. 
In practice you do not get as much as this. With | 
engines better results may be attained, but the limit 
is reached, even theoretically, when about 12 per cent. 
or 14 per cent. of the jacket and exhaust heat is recovered 
as work, owing, as I have already said, to the losses due 
to latent heat. 

From the power point of view I got better results by 
using petrol i of water in the jackets and petrol 
vapour instead of steam in the second cylinder (or the 
other end of the same cylinder), but, while this eliminates 
any trouble due to chemical action on the cylinder walls, 
it necessitates the additional complication of a condenser 
and, of course, double glands with the ne between 
them connected to the condenser to avoid danger from 
leaks 


I experienced no trouble with lubrication, simply 
using Price’s oil for air-cooled a. 
Yours faithfully, 
Onartes W. Kay. 
Fairoak, Elm-road, Woking, June 2, 1919. 





THE POSITION OF THE OFFICIAL IN 
ENGINEERING AND OTHER WORK. 


To THe Eprror or ENGINEERING. 

Sin,—I have read with great interest the letters 
referring to the above, dating from your issue of Decem- 
ber 20 last, and I am of opinion that it is quite time 
something was done to form an “ Officials’ —_ 
tion” to further, and protect the interests of pro- 
fessional men serving under the representative or general 
manager of a railway, or other engineering concern. 

From long experience I have found that after 
first three years service an increase in salary is given, 
and after the elapse of another three years an expected 
increase is not forthcoming, and as years roll by the 
salary still remains stationary. All this time the official 


is com to cut down e: to such an extent that 
the legitimate rs to and rolling-stock cannot 
be properly ed out, thus he has.nct a free hand 


more than 800 miles.” 

(1) N.C. 4. Trepassey to Azores, 1,540 miles, non- 
stop. (This machine had to rise from the water, and 
was necessarily less favourably situated as regards fuel, 
deadweight ratio, than the Handley-Page or other land 
machines. ) 

(2) Sopwith trials. Brooklands—Bristol circuits, 900 


miles en 4 on half petrol capacity. 
(3) Sopwith flight from 8t. John’s, approximately 
,000 miles non-stop. When the machine was compelled 
to 


descend by cooling trouble, about half the petrol 
used, 


had been 
Yours faithfully, 
Joun D. Norra, 


June 4, 1919. F.R.Ae.8., F.R.Met.S8oc. 





GoveRNMENT oF InpIA, Patent Orrice JouRNAL.— 
We have received from the Superintendent, t 
Prin’ , Calcutta, a copy of the “‘ Indian Patent Office 


Jo »” for 1918, with lications for patents 
and for registration of d under the Indian Patents 
and Designs Act, 1911, con also a list of the 
earlier extant exclusive privileges patents obtained 
under the Inventions Designs Act, 1888. 


ievaed tn 
sedes the three quarterly journals which were i in 
1918, and is issued at the price of 1 rupee, or ls. 6d., by 
the superintendent. 





Baitisx Ourrvut or Iron aNp StTeEL.—The output of 


hematite pig-iron ; basic pig-iron; fo + forge and 
other qualities and of alloys amounted to 150,000 tons in 
the week ing April 5, to 154,000 tons in that 


April 12, and to 152,000 tons in that ending April 19. 
furnaces in blast were, respectively, 291, 295 and 
294in number. Taking the last week above referred to, 
the output of hematite pig-iron was 56,000 tons produced 
in 100 blast furnaces, and that of basic -iron 52,000 
tons produced in 83 blast furnaces. For the same weeks, 
ee re nee were, 
172,000 tons, 173,000 tons and 166, 
ae «ee Se eee eee 





— pe 151,000 tons produced in 290 blast furnaces, 
that of steel ingots and castings 157,000 tons. 
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THE 


VICKERS-VIMY PASSENGER-CARRYING AEROPLANE. 


CONSTRUCTED BY MESSRS. VICKERS LIMITED, ENGINEERS,’ WEYBRIDGE. 








tu 

On page 604, ante, we gave an account of the Vimy- 
Rolls bombing aeroplane designed and constructed by | 
Messrs. Vickers, Limited, Aviation Department, and 
reproduced some photographs of this machine as 
modified for the Transatlantic flight. We are now able 
to illustrate the same machine adapted for conveying 
passengers or goods, for which purpose the only 
alterations made have been the fitting of an entirely 
new design of fuselage and the provision of dual control. 
The wings, control and stabilising surfaces, and other 
details of the machine, are exactly the same as those 
of the bomber above referred to, and as particulars of 
these have already been given in our previous article 
we need not deal with them here. 

The photograph reproduced in Fig. 1 above gives 
a good idea of the appearance of the machine, and the 
drawings, Figs. 3, 4 and 5, on the opposite page, clearly 
show its general arrangement. The most noticeable 
feature in all these illustrations is the great depth of 
the fuselage, which, it will be seen, is of elliptical 
section and of excellent stream-line form. Although 
it is of much larger section than that of the bomber, 
the performance of the passenger-carrying machine is 
practically identical with. that of the bomber, owing to 
the extremely good aerodynamical properties of the 
passenger fuselage, An inspection of Figs. 4 and 5 
will show that the fuselage is divided into three distinct 
sections, of which the central is utilised for the 
passenger cabin, providing accommodation for 10 
persons. This cabin, which is the most interesting 
part of the machine, is of a special form of ‘‘ mono- 
coque” construction, which we shall describe later. 
The nose portion, in front of the cabin, is also of 
“smonocoque” construction, and in the upper part 
of this is situated the pilot’s cockpit, in which either 
two pilots, or one pilot and a passenger, can be carried. 
The machine will thus carry 12 persons in all. The 
after part of the fuselage is of wood and swaged tie-rod 
construction, with longerons made under Vickers-Ryan 
patents, and is generally similar to that adopted for 


the bombing machine, except that it is fitted with a 
light fairing leading off in easy lines from the rear 
bulkhead of the cabin to the tail. 


Fig. 6 is a view of the nearly finished cabin looking 
forward, and Fig. 7 is a similar view taken during the 
course of construction. Fig. 8 shows the external 
appearance of the cabin during construction. As will 
be seen from Fig. 6, armchairs, built up of aluminium 





castings and comfortably upholstered, are placed on 





Fig. 1. he 








Fig. 


both sides of the cabin leaving a central gangway of 
sufficient width for easy movement. Light hand- 
luggage can be stowed out of the way in cupboards 
provided for the purpose at the end of the cabin. 
Circular windows are fitted near each seat, and two 
doors are placed on the port side, one in front of the 
main planes and the other close to the trailing edge. 
These doors are made watertight so that the machine 
will float if forced to descend into the sea, and to provide 
for this emergency a trap door has been fitted on top of 
the cabin to enable the passengers to leave in this way 
if necessary. The forward door, it should be explained, 
is intended to admit bulky goods when the machine is 
used for this class of transport. It is not conveniently 
accessible when the engines are running owing to the 
proximity of the propellers. Passengers enter the 
cabin through the rear door, which is of triangular 
shape and hinged at the top. Its peculiar shape is 
due to the fact that a bracing bar is fitted to take the 
shear stress, which would otherwise be carried by the 
_ of the outer casing cut away for the door opening. 

eight and speed indicators are fitted in the cabin for 
the use of passengers who may be sufficiently interested 
to observe them, and a telephone is provided for com- 
munication between the pilot and passengers. Arrange- 
ments can be made for heating and ventilating the 
cabin to suit any climatic conditions. 

The cabin is built up of elliptical rings of box section, 
composed of ash flanges steamed to the correct shape, 
with webs of spruce glued and screwed to the flanges. 
One of these rings, cut through to illustrate its con- 





struction, is shown in Fig. 2. The outer cover of the 
cabin is composed of ‘ Consuta” patent ply wood, 
which is built up of thin layers of spruce with the 
grain placed diagonally, and then glued and sewn 
together with thread, the rows of stitching being about 
1} in. apart. This material, which is claimed to be 
much stronger than ordinary plywood, is made by 
Messrs. S. E. Saunders, Limited, of Cowes, which firm 
is now allied with the Vickers Company. Ash stiffeners, 
clearly visible in Figs. 6 and 7, are placed at intervals 
between the main box rings to give additional support 
to the outer casing. The outer casing, of course, takes 
the whole of the shear stress on the fuselage, and the 
tensile and compressive stresses due to bending are 
carried by ash longerons, which can best be seen in 
Fig. 7, running along the side of the cabin at the 
floor level, and also just above the windows. An 
inspection of Fig. 4 will show that these longerons are 
connected to those of the rear portion of the fuselage 
at the back of the cabin, and are also continued right 
round the nose in front. The fittings by which the 
connection between the longerons is affected are 
visible in Fig. 8. The cabin is attached to the upper 
main plane by two pairs of raking struts, the fittings 
for which are just visible in Fig. 8. To secure the 
lower main plane to the cabin two ash members run 
transversely under the floor in line with the wing spars, 
and to the end of these members steel fittings are 
attached by means of through bolts. To these fittings 
corresponding fittings on the spars are bolted. ; 
The inside dimensions of the cabin are 6 ft. 2 10. 
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high, '16 ft. long, and¥4¥ft. 2[in. wide.® Thefloor 
area is 53 sq. ft.,§fand the volumetric capacity 


300 cub. ft., or 7} cub. tons. The seats are easily 
removable, so that, if required, the cabin space can 
be used for the conveyance of goods or mails. The 
maximum weight that can be carried in this way is 
~,500 lb. The weight of the machine empty, but with 
water in the radiators, is 7,292 Ib. Oil and petrol for 


5zhours, and reserve water, make up another 1,520 lb., 
so that the total weight of the machine loaded amounts 
to 11,312 lb., or just over 5 tons. In no part of the 
structure has strength been sacrificed for lightness, 
the designed factor of safety being 5 throughout. 
As previously stated, the performance of the machine 
is very similar to that of the bomber. With two 
375-h.p. Rolls-Royce ‘“ Eagle,” Mark VIIE engines, 








Fia. 6. 





Fig. 7. 





Fig. 8. 


the speedjnear the ground is 110 m.p.h., falling to 
103 m.p.h. at 6,000 ft., and to 99 m.p.h. at 10,000 ft. 
A height of 6,000 ft. is reached in 17 minutes, while 
a climb to 10,000 ft. takes 48 minutes. With the 
engines slightly throttled down to a speed of 90 m.p.h., 
the petrol consumption of the two engines is 35 gallons 
per hour, and the oil consumption 2 gallons per hour. 
The capacity of the tanks is such that the petrol and 
oil supply will last for 5 hours under these conditions, 
so that a total distance of 450 miles can be covered 
without landing. The endurance can, however, be 
increased by sacrificing some of the useful load. If, 
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for instance, it is required to cover a distance of 
900 miles without stopping, the useful load can be 
reduced to 1,000 lb., or, say, 5 ers and baggage. 
The machine will fly quite well with one engine at a 
8 of 70 m.p.h., and the landing speed is 45 m.p.h.— 
the same as that of the bomber. As shown in Figs. 
1, 3 and 4, an extra wheel is fitted under the nose of 
the are to diminish the effects of a bad landing. 

Although only very recently completed the machine 
has proved to be quite satisfactory in the air. On 
Saturday last it was flown from Dartford to Hendon, 
a distance of 25 miles, in 15 minutes, with a “7 of 
eight rs, returning after carrying out a e 
number of exhibition flights at the latter aerodrome 
without a mishap of any kind. 





FOREIGN PUBLICATIONS AND THE PATENT 
OFFICE LIBRARY. 

In recent correspondence [see A. R. Low on “ Critical 
Speeds of Shafts,” Encinzzrinc, May 9, 1919, page 
601] reference was made to a Swiss technical publication 
to be found in the Patent Office Library, and it was 
stated that a copy could probably be obtained from 
the publishers at Zurich. It is not generally known 
that under the present practice photographic — 
of such documents can be obtained at the Patent Office 
Library. Under the old practice permission was 
commonly given for a professional arate ge oe to 
be brought to the Library for the purpose of photo- 
graphing documents, but now these are officially made 
to order quickly and at a low rate. The cost for a 
negative (that is a print showing white letters on a 
black ground) is 1s. for a half sheet, size 13 in. by 9 in., 
and 2s. for a whole sheet, size 13 in. by 18 in. For 
@ positive the charges are double. Application for 
such copies is made upon forms to be obtained in the 
Library, these are filled in, left at the Enquiry Office, 
and the fee is paid at the same time. 

One has to state the purpose for which the copy is 
required, because as regards work in which copy- 
rights subsists, applications cannot be accepted for 
any purpose which would infringe copyright under 
section 2, paragraph 1 of the Copyright ct, 1911, 
unless the consent of the owner of the copyright is 
obtained. section, however, provides that 
infringement of copyright does not occur in any case 
dealing with work for the purposes of private study, 
research, criticism, review, and newspaper summary, 
so that photographing for such purposes is permissible. 

In practice it usually takes two or three days to secure 
a photograph in the manner described, which is much 
less than the time required for obtaining a print of 
a foreign work, even if such can be secured, and it is 
very often more expeditious to obtain a photograph 
of, say, an American specification in this way rather 
than to send to America fora print. This also applies 
to other foreign specifications, and in this connection 
it may be noted that in addition to the printed speci- 
fications, indexes, and other publications of the Patent 
Office, the Library contains a collection of the leading 
British and foreign scientific journals, transactions 
of learned societies, and text-books of science and 
art, and the full or abridged patent specifications of 
the following countries :—Argentine Republic, Austria, 
Barbados, Belgium. Bermudas, Canada, Cape of Good 
Hope, Commonwealth of Australia, Denmark, Finland, 
France, German Empire, Gold Coast, Grenada, Hungary, 
India, Italy, Japan, Mauritius, Mexico, Natal, New 
South Wales, New Zealand, Norway, Portugal, Queens- 
land, Roumania, Russia, St. Lucia, St. Vincent, South 
Australia, Straits Settlements, Sweden, Switzerland, 
Tasmania, Trinidad, United States of America, Victoria, 
and Western Australia. 





COAL IN MALAYA. 

Ir is only a few years since coal was discovered in the 
Federated Malay States, and the mines at Ra » 
Selangor, the property of Malayan Collieries, Limited, 
have wolten only a little over three years. Yet 
the —— last year amounted to 168,740 tons, and the 
States have now entered the category of countries 


we ee coal, 

© output for the past three years was as follows: 
1916, 101,846 tons; 1917, 155,279 tons; and 1918, 
“ata mie Speen were hindered by the i P i 

bility of procuring all the necessary plant from England, 
though every assistance was given by the local Priorit 

Committee. Shortness of labour was also capudeneed, 
and an epi ic of inf had a restricting effect on 
output. The South Mine in the main seam is now down 
to 1,700 ft. on the incline, and the North Mine in the 
same seam to 1,550 ft. 

The colliery sidings have been extended in order to 
deal with from the open-cast workings, and further 
extensions are in hand. 

The output from the mines for 1918 was distributed 
as follows: Federated Malay States Railways, 67,437 
tons; mines, 66,500 tons; other Federated Malay 
States’ consumers, 14,915 tons ; exported, 19,888 tons. 

Mr. W. Eyre Kenny, Senior Warden of Mines, 
Federated Malay States, in his gens 








remarks on mining 


operations in the country, states: As in 1917, coal from 


outside sources was practically unprocurable for use in 
the mines (he is referring chiefly to the tin mines), and 
but for the supply of local coal the fuel situation would 
have been very serious. As nearly as can be ined, 
the tonnage of fuel consumed on mines in the past three 
years was as follows :— 


1916. 1917. 1918. 
Coal 72,952 62,044 66,290 
Oil 3,107 2,538 3,488 
Wood 645,280 646,285 741,357 


There was an increase in fuel costs, though it should 
be remarked that the actual increase on mines that used 
imported coal before the war and later on took Rawang 
coal was negligible, and in some cases 1918 costs were 
less than those in 1914. It was with regard to wood fuel 
that most pressure was felt. There is an ample supply 
of wood fuel, but great difficulty was experienced in 
getting it out and distributing it, there being a shortage 
of transport. When the Malayan Collieries are able to 
increase their output, the tuel situation will become much 
easier. Mr. Kenny suggests that in these days of dear 
fuel, it would appear to be worth the while of users of 
machinery in ya to make inquiry with regard to 
suction gas engines which have proved to be capable of 
operating economically on local coal. 

Chinese mine owners have already shown interest in 
steam plant fitted with superheaters, and in view of fuel 
supply conditions it is highly desirable that all new plant 
should be of such design as to secure a good fuel economy. 





STANDARDISATION OF DETAILS OF SHIPS 
AND THEIR MACHINERY. 

Wrrx the view of securing for our shipbuilding and 
marine engineering industries all the benefits desirable 
from the adoption of an efficient system of standardisa- 
tion of component parts, a very representative conference 
of the official nominees of the Government, classification 
societies, ship owners, shipbuilders, and marine engineers 
was convened last year, at the instance of the President 
of the Board of Trade, and was held under the auspices 
of the British Engineering Standards Association. 
Sir Archibald Denny, the chairman of the association, 
occupied the chair at the conference. The result of the 
discussion was a unanimous recommendation to the 
Main Committee of the British Engineering Standards 
Association for the formation of a Sectional Committee 
to deal with this subject. Sir Archibald Denny, Bart., 
is the chairman of the Sectional Committee and has as his 
Vice-Chairman, Sir Aubrey Brocklebank, Bart., Mr. A. M. 
Kennedy and Mr. A. E. Seaton, the latter —s charge 
of the engineering and Mr. Kennedy of the shipbuilders’ 
section dealing with deck gear, &c. 

The usual procedure of the association has been 
followed in that a number of Panel Committees are being 
formed to put forward the preliminary proposals for 
submission to the respective sub-committees. These 
panels will meet in various districts, and thus have the 
advantage of being able to call upon superintending 
engineers and captains, designers, draughtsmen and, in 
fact, all those intimately connected with the construction 
and use of the various parts in relation to which it is 

to set up standards. 

The following is a list of the subjects being studied 
from the point of standardisation: Bollards, fairleads 
and mooring pipes, hawsers, ropes, rigging screws and 
rigging gear, boat davits, derricks, derrick fittings, 
stanchions, all ladders and ladder fittings, and deck 
machinery, windlasses, capstans, winches and steering 
gear, deck and hatch fittings, watertight doors, manhole 
covers, side lights, ventilators, bunker and coal fittings, 
cabin fittings and beds, including electric light fittings, 
not dealt with by the Electrical Committee, plumbers’ 
fittings and all piping and pumping arrangements, 
anchors, cables, and chains, also pipe flanges, steel pipes, 
cast-iron and steel cocks and valves, gunmetal and brass 
fittings, boiler furnaces and tubes, condenser tubes, 
ferrules and come tubes, ——. and propeller bosses, 
gauges and similar appliances. Bilge ballast and ship 
side fittings, composition of brasses and bronzes, ladders 
and platforms and gratings of engine rooms. 

It is quite recogni that a considerable amount 
of very valuable work has y been carried out in 
this connection by others outside of the association, but 
it is confidently e that this work will be fully 
co-ordinated with the British standards and that those 
Institutions or committees which have been doing highly 
valuable work will consent to co-operate with the 
association and thus bring standardisation in the ship- 
building industry “‘ under one roof.” 





Texte Macuines, Canapa.—lIt is stated in 
Appraisers’ Bulletin No. 1906, dated April 30, 1919, that 
by decision of the members ot the Board of Customs, 
De tal Memorandum dated December 7, 1910, 
ruling certain hi dapted for use in the manu- 
facture of woollen textile fabrics under tariff item 453 
as being of a class or kind made in Canada, is cancelled 
and the following substituted therefor to be in effect 
from May 1, 1919, viz.: Until further advised, the 
following machines, specially adapted for use in the 
manufacture of woollen textile fabrics, may be entered 
under tariff item 468: Shake willow or wool waste 
duster; rag dusters; warping machines ;- wool opener 
and mixer; soaping and wringing machine; dyeing 
machines of all kinds ; drum | winders and pressure 
drum spool winders; yarn io with counting motion ; 
dead spindle spooler and bobbin stand; spooling and 
doubling machines; Fi t pickers ; ring twisters. 
The following textile machines are considered 
class or kind made in Canada: Galashiels fulling mills ; 

i ling mills; cloth washing machines; duster 
willow (other than self-delivery machine); card creels, 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 
Iron and Steel.—The steel trades show weak patches, 
but taken in the aggregate, business appears to be 
expanding, and despite export restrictions and the 
unsatisfactory nature of railway facilities, progress is 
being made with the cultivation of foreign markets. 
Inquiries show that Sheffield is securing quite a nice 
proportion of trade formerly done by German establish- 
ments. The chief drawback to future trade expansion 
unquestionably is to be found in works congestion in 
the manufacturing area. Some of the foremost steel 
firms have devised minor extensions, chiefly to file- 
making plant, but, generally s ing, the steel-making 
industries are so crowded that further extensions are 
im: ible until new sites are added to the city area. 
This is one of the foremost aims of the Sheffield Develop- 
ment Committee in promoting an area extension scheme. 
Special attention is con paid to the provision of suitable 
works sites with railway facilities to accommodate the 
expansion of existing industry, and, if possible, to 
attract new branches of manufacture. Complaints are 
general of the shortage of supplies of finished and common 
irons. Makers are buying as freely as the position will 
allow, but the deficiency in output does not enable them 
to cover commitments far ahead. Prices of all classes 
of iron are firm. Further revisions in an upward 
direction are forecasted in the near future. Somewhat 
irregular conditions prevail in the heavy steel branches. 
A very healthy tone is manifest in the trades supplying 
steel and tools to the shipbuilding yards. Home require- 
ments are on the increase, and export buyers are coming 
much more freely into the market. Makers of railway 
material are preparing for an improved state of trade 
in the coming months. Though immediate needs show 
a slight falling-off, an optimistic view is taken of future 
requirements. India and South America are improving 
markets. Spain, Japan and Italy are also taking heavy 
tonnages of the Sheffield steel output. Tramway steel 
is a fairly active section, but the crucible furnaces 
are working less than the half time on the average, and 
trade in high- steel is flat. On the other hand, 
ressure on the lighter branches tends to increase. 
Makers of carbon steel drills rt a welcome improve- 
ment, while the output of small steel castings, malleable 
castings, files, saws, farm and gardening tools, is being 
absorbed by immediate requirements. A shorter working 
week has been introdu with varying results. Some 
steel makers state that the former level of output is more 
than maintained, but in other cases, where stafis have 
been increased to allow the introducton of an eight-hours’ 
day, output has declined, and costs accordingly are on 
the increase. 


South Yorkshire Coal Trade.—Best steam hards are in 
active demand on home account, and there is a limited 
quantity going away for export. Cobbles and nuts 
are firmly held. Practically the whole of the output 
continues to be required to meet contract commitments. 
A somewhat easier tendency in the market for slacks is 
attributed to a decline in quality resulting from the 
practice at the pits of filling with shovels instead of forks, 
and thus causing much dirt to be sent along with the fuel. 
In the house-coal section the ition is much easier. 
Public requirements have fallen off considerably. 
Stocking for the coming winter is under consideration. 
Quotations :—Best branch handpicked, 27s. to 288. 
Barnsley best Silkstone, 27s. to 27s. 6d.; Derbyshire 
best brights, 25s. to 26s.; Derbyshire house coal, 
22s. 6d. to 238. 6d.; best large nuts, 22s. 6d. to 23s. 6d. 
small nuts, 21s. 6d. to 22s. 6d. ; Yorkshire hards, 22s. 6d. 
to 23s. 6d.; Derbyshire hards, 21s. 9d. to 228. 9d. ; best 
slacks, 18s. to 198. 6d.; seconds, 16s. to 18s.; smalls, 
138. to 14s. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MippLesBRrouGH, Wednesday. 

The Cleveland Iron Trade.—There is little new to 
report of the Cleveland pig-iron trade. Foundry kind 
cannot be purchased for this month’s delivery, the June 
output being fully sold, but forge quality is compara- 
tively plentiful, and consequently rather cheaper than 
the better descriptions. Buyers are prepared to place 
orders for supply to the end of the year, but producers 
are not inclined to enter into contracts for delivery 
beyond the third. A good deal of July-September 
business on home tis passing. The truck shortage, 
though considerably less acute than it has been, is still 
such as seriously to hamper distribution. Continental 
demand, particularly on behalf of neutrals is heavy, 
but business with customers abroad is small, due to the 
sparing way in which export licences are issued, and 
the pe Bo | disinclination of some makers to sell to 
foreigners whilst iron is urgently needed for home 
ao gee For home consumption, No. 3 g.m.b. Cleve- 
aes pig-iron and No. 4 foundry both stand at 160s., 
No. 4 forge is 158s. to 159s., and No. 1 is 164s. ; whilst 
for export quotations are 5s. above these rates. 


Hematite Iron.—As regards the East Coast hematite 
department there appears to be no relief to the stringenc) 
that has existed for some little time. Iron is most 
difficult to purchase, several makers being so well sold 
that they refuse to entertain further business for the 

t. Nos. 1, 2 and 3 are 190s. for home use and 
95s. for export, and No. 1 is 192s: 6d. for home use and 
197s, 6d. for export. 


Foreign Ore.—There is decidedly more doing in foreign 
ore and prices are moving upward. Consumers are 
reluctant to pay the rising rates, but as their stocks 
are low and their contracts running out they are obliged 








to buy. Prices vary greatly, but 52s. c.i.f. Tees msy 
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be given as a fair quotation for best rubio now that the 
freight from Bilbao is fully 25s. 


K Coke.—Coke is firm and rather expected to advance. 
Average blast-furnace kind is 39s. at the ovens, and low 
phosphorus sort 41s. 6d. at the ovens. 


Manufactured Iron and Steel.—There is no new feature 
of moment in finished iron and steel. Manufacturers 
are pretty well sold, and demand is fairly good. Con- 
siderable inquiry from abroad is reported, and in the 
home trade there is most activity in shipbuilding 
requisites and railway material. For export steel sae 
are 181. f.0.b., and other i for ship t abroad 





2 tugs, 3 standard steamers, and 1 motor boat, all for the 


Admiralty, and | concrete ship for the Shipping Con- 
troller. Shipbuilders’ order books are fairly filled 
at present, but during the past month very few new 


contracts were repo . The high costs now prevailing 
— be retarding the placing of fresh contracts, but it is 
difficult to see any immediate prospect of prices easing 
off, especially with raw materials so dear and also so 
scarce. It is generally anticipated that when peace is 
finally fixed up a more confident tone will prevail and 
business will open out more freely. 


Nationalisation and ite Effect on Scotch Industries.— 





are @ little above the following, which are ng the 
pa market rates for home use :—Common iron 
bars, 201. 10s. ; marked bars, 231. ; strip iron, 211. 15s. ; 
steel ship, bridge and tank plates, 17/.; steel angles, 
161. 10s. ; steel joists, 167. 10s. ; and heavy steel rails, 15/. 


Shipments of Iron and Steel.— aM shipments of iron 
and steel from the port of Mid may exceeded 
expectation. According to official returns they totalled 
58,402 tons, of which 51,348 tons went abroad and 
7,054 tons went. coastwise. Last month’s loadings of 
pig-iron amounted to 22,622 tons, 18,102 tons of which 
went to foreign ports, and 4,520 tons coastwise. Of the 
970 tons of manufactured iron shipped in May, 943 tons 
went to foreign ports and 27 tons coastwise. Steel 
cleared last month reached 34,810 tons, 32,303 tons 
going to foreign ports and 2,507 tons coastwise. The 
principal receivers of pig-iron were Japan, 5,248 tons ; 
italy, 4,705 tons; and Belgium, 4,222 tons. India took 
the most manufactured iron and steel, importing 307 tons 


of the former and 12,300 tons of the latter. Amongst 
other principal customers for steel were: Japan, 3,977 
tons; New Zealand, 3,872 tons; and Italy, 2,393 tons. 


Ironworkers’ Wages.—The average net selling price 
of iron bars and les for the two months ending 
April 30 last besten been certified by the accountants 
to the Board of Conciliation and Arbitration for the 
Manufactured Iron and Steel Trade of the North of 
England at 181. 5s. 7-68d., as —_ with 
161. 12s. 11-34d. for the previous two months, puddling 
,and other forge and mill wages are advanced by 15 per 
cent. for the months of June and July. 





NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Scotch Steel Trade.—No change of vod moment falls 
to be recorded in the steel trade of Scotland during the 
past week, and the ruling conditions are unaltered. 
Reports show that the demand for ship plates is still 
very heavy, and that deliveries are anxiously awaited 
by consumers. Large quantities are also desired for 
export, but with the heavy home demand and also the 
difficulty of securing transport the foreign trade is not 
yet on a large scale. The same thing applies to general 
steel material, although merchants are hopeful of 
obtaining better supplies in the near future and of a 
satisfactory ai ments for export. The scarcity o' 
hematite iron continues, and the price is strong, with an 
upward tendency, so that steel of all kinds is likewise 
very firm. New business is still largely confined to the 
more immediate uirements, but it is becoming more 
evident that certain schemes cannot be indefinitely 
put off, and that inquiries will be launched on the market 
at no distant date. The demand for sectional material 
is not very heavy, and the majority of the makers would 
welcome an increase in this branch of the industry. 
Producers of steel sheets are still well placed for orders 
and activity is general, but no improvement can he 
noted with regard to the galvanised sheet trade. 


Malleable Iron T'rade.—The conditions in the malleable 
iron trade of the West of Scotland have undergone 
very little change, but fresh business is rather better. 
The various works continue to be well employed, largely 
on contracts already booked, and makers are hopeful 
of a steady increase in new orders before very long. 
Prices continue firm, with no immediate prospect of 
easing, but consumers are still holding back. ‘‘ Crown” 
bars are quoted round 201. 2s. 6d. per ton, net, Glasgow, 
and 201. 108. per ton, net, f.o.b. Glasgow. 


Scottish Pig-Iron Trade.—The demands for Scotch 
pig-iron is as strong as ever, and orders are plentiful 
despite the firmness of prices. The output is not equal 
to the heavy demand, and, in fact, ae tame market is 
absorbing the bulk of what is being produced, and very 
little is available for shipment, Makers are reluctant 
to booking much forward business at the present time, as 
it is — probable that quotations may be officially 
advanced during the next few weeks. 

Scotch Shipbuilding.—Lhe Scotch shipbuilding returns 
for the past month are not without-interest, and although 
the figures of new tonnage launched are not large, t 
number of vessels for the Government forms the lion’s 





ae The totals for the different districts are as 
ollow :-—- 

’ Tons. 
The Clyde, 19 vessels ... 17,444 
‘Rhe Forth, 5 vessels 7,613 
6 Tay, 2 vessels 2,173 
The Dee, 9 vessels 1,464 
Total, 35 vessels 28,694 


The Clyde total for the year to date is now 107 vessels, 
of 180,899 tons, which is the lowest total since 1909— 
omitting of course, the war years, which cannot be taken 
into account. Out of the total Scotch output of 35 
vessels only 6 were actually for private owners, and the 
remainder were made up as follows: 1 light cruiser, 
4 destroyers, 2 submarines, 1 gunboat, 1 survey vessel, 
4 minesweepers, 2 barges, 2 lighters, 1 drifter, 4 trawlers, 





Pp of the Glasgow Chamber of Commerce 
was held last Friday, when consideration was given to the 
effect which nationalisation of the coal mines would 
have on the many industries of the West of Scotland. 
Resolutions strongly protesting against the proposal of 
nationalisation were subinitted from various associations. 
These protested against the proposal of nationalisation of 
the coal mines, as such a course was —— to raise the price 
of coal and decrease the output, which would seriously 
affect both the home and the export trade, increasing the 
cost of commodities, and creating unemployment; and, 
further, that an adequate and cheap supply of coal was 
essential, and this could best be obtained under the 
incentive of private ownership. After the various com- 
munications from all the above associations had been 
read, a resolution was submitted to the meeting declaring 
that the directors of the Glasgow Chamber of Commngtees 
as representing the trades and industries of Gl w 
and the West of Scotland, were strongly op to 
nationalisation of the coal mines. The resolution was 
adopted unanimously. 





NOTES FROM THE SOUTH-WEST. 
Carpirr, Wednesday. 
The Local Marketx.—Supplies of all descriptions of 
Cardiff large and small steam coals have been scarce due 
to sectional pit stoppages d by disputes, and also 
by congestion at the various local docks. Arrivals of 
tonnage have not been so heavy of late, but even so, 
there are sufficient vessels already in the dock to tax the 
loading capacity of available tips. Lack of engine power 
on the railways has retarded the return of empty wagons, 
and in a number of instances — vt ae : to — 
temporary sto , owing to the non-arrival of expec 
trucks. It will be recalled that the Central Executive 
Committee for the Supply of Coals to France and Italy 
decided to add to the list of exporters under the limitation 
schemes at the discretion of the Local Committees. 
The Coal Controller has now given his sanction to this 
recommendation, but refuses to allow firms outside the 
coal trade to icipate in this modification. The 
Controller has also decided that persons or firms in this 
vera: | acting as buying agents to coal importers abroad 
ean only be regarded as exporters under the directions if 
they are completely dissociated financially from their 
principals and retain tor themselves the whole of the 
exporters’ remuneration prescribed by the directions 
as to the sale of coal. This will prevent firms who have 
their own salaried buying agents on this side from 
obtaining their supplies at a lower price than those 
members dealing through accredited exporters. It is 
also d that li granted for shipment duri 
the quarter ended June is vastly in excess of the alloca’ 
quantities and in these circumstances Local Committees 
have been instructed to refrain from recommending an 
further applications. The new directions under whieh 
rices for allied countries have been changed from a 
Rxed schedule to a minimum scale came into operation 
on Monday last. Inquiries exceeded available supplies 
and prices varied considerably and ——_ upon the 
individual position of collieries. me pits were 
awkwardly placed on account of a scarcity of wi 
and, of course, were ready to accept shightl lower 
figures than those more comfortably situat n other 
cases collieries were fully stemmed and refuse to give 
quotations for waeees ahead. Generally salesmen 
asked a premium of 10s. on the minimum scale, which 
makes best Cardiff large coals 50s. a ton, ordinary > 
47s., ordinary drys 45s. 6d., and washed nuts 47s. On 
this basis smalls ranged from 35s. to 388. 6d. according 
to quality. In isolated cases the premium of 10s. was 
exceeded by as much as 2s, 6d., and in other instances 
buyers were able to obtain small at round 7s. 6d. 
above the scale. The demand for Spain is good, but 
the difficulty of securing releases kept business within 
narrow limits. Generally, salesmen were ready to take 
a premium of 5s. over the schedule B prices, which 
brought best Cardiff coals up to 55s., ordinaries 51s., 
and washed nuts to 50s. 


Newport.—Monmouthshire coals, both large and small, 
were in active request, and available supplies were not 
nearly sufficient to meet the requirements of buyers. 
Prices were firm but irregular, and dependent upon the 
individual position of collieries. For allied countries, 

Monmouthshire large coals ranged from 458. to 50s., 
and smalls from 35s. to 40s., with No. 2 Rhondda through 
around 40s. 6d. For Spain, 5s. above the B schedule 
is usually demanded, and a small business has been 
transacted at these prices. 


Tin Plate Workers’ New Demands.—At the annual 
meeting of the Welsh Tin Plate Industrial Council the 
tin-plate employees put in no less than 134 claims 
for increases in wages and improved working conditions. 
The more important of these applicati includ 
6-hours’ shift for millmen and those e in the 
finishing mag @ minimum wage of 51. for head 
picklers, and 31. 3s. for helpers, while annealers at present 
receiving 13s. 6d. per hundred boxes claim 24s. to 36s. 
with other adjustments. 
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NOTICES OF MEETINGS. 


Tse Mrxixe Inetirure or Scortanp.—Saturday, 
June 7, at 3 p.m., a General Meeting will be held in the 
Heriot Watt College, Chambers-street, Edinburgh. 
The followin, pers will be open for discussion : 
Professor F. W. Hardwick’s paper on “‘ The Training of 
Students in Coal-Mining, with Special Reference to the 
Scheme of the Engineering Training Organisation ” ; 
Mr. David Penman’s paper on “A Digest of the First 
Report of the Mines ue Committee”’; Mr. P. A 
Mossay’s paper on “Cooling of Electric Motors, with 
Special Reference to Totally-Enclosed Motors”; Mr. 
James Cooper’s paper on “‘ The Electric Head Lamp.” 


Tue Puysicat Socrety or Lonpon.—Friday, June 13, 
at 5 p.m., @ —— General Meeting of the Society will 
be at the Imperial Coll of Elenee and Techno- 
logy, Imperial Institute- , South Kensington, 8.W. 

da: (1) To decide whether evening meetings and 

‘ternoon meetings shall be held alternatively in future ; 
(2) To decide upon the proposals made by the Institute 
of Physics and considered by the Council of the Physical 
Society as one of the participating societies. After the 
conclusion of the Special General Meeting, a Scientific 
a | will be held at which the following papers will 
be t (1) “A Comparison of the Wave-form of the 
Telephone Current Produced by a Thermal Detector 
and a Rectifier in the Heterodyne Reception,” by 
B. van der Pol, Junr.; (2) ‘The Magnetic Properties 
of Varieties of Magnetite,” by Mr. E. Wilson and Mr. 
E. F. Herroun. 








Oreninc Crepits ON Brxatr or Enemins.—The 
Board of Trade have issued a General Licence under the 
Trading with the Enemy Proclamations, authorisin 
persons in the United Kingdom to open credits on behal 
of persons or bodies of persons in enemy countries for 
the purpose of financing transactions that have been 
authorised under the Trading with the Enemy legislation 
in the United Kingdom or any other part of His ajesty’s 
Dominions, and tr tions between persons residing 
or ing on business outside His Majesty’s Dominions 
which have been authorised by the allied and associated 
Governments or any of them. 








Import RELAXATIONS AND ResTRICTIONS.—The con- 
cluding meeting of the Consultative Council on Imports 
was held at the Board of Trade on Monday, the 2nd inst. 
In view of the completion of the council’s work The 
Board of Trode Journal of yesterday has issued a Con- 
solidated List up to date of. the import relaxations and 
existing restrictions. The list is divided into two : 
(1) The articles which may be imported without 
from the De: 
articles whic 


cence 

ment of Import Restrictions, and (2) the 
may not be imported without licences. 

British Sctentivic Propvets Exurpirion, 1919.— 
On account of the very large number of applications that 
have been received by the Organising Committee of the 
forthcoming Exhibition of British Rcientific Products, 
all the space available at the Central Hall, Westminster, 
has now been allotted, and no further applications can be 
considered. The exhibition will be open to the public 
from July 3 to August 5, 1919. Its scope will be more 
extensive than was possible at last year’s display, when 
war conditions made it n to withhold from 
public view much of the scientific and technical work 
carried on in Great Britain. Striking testimony will be 
turnished of the enterprise of British manufacturers, 
and the uses they have made of science and invention 
in new industries and the development of old. 





MELBOURNE SuBURBAN Ratitways ELECTRIFICATION. 
—An electric service on the Sandringham—Essenden 
section of the Melbourne Suburban Railways was publicly 
inaugurated on May 28 by the Hon. W. A. Watt, Acting 
Prime Minister of the Commonwealth : the Prime Minister 
of Victoria; and the Minister of Railways. This first 
section is 20 miles in length, but the whole system of 
railways being electrified include some 150 route miles. 


It will be remembered that German manufacturers 
made a t effort to have the single-phase system 
adopted, but when it came to a comparison based upon 


actual tenders, the 1,500-volt direct-current systern, which 
was ultimately chosen, proved much the cheaper both 
in first cost and in operation. The work began in 1913, 
and has been carried out for the Victorian Railways 
Commissioners under the su ision of Messrs. Merz. 
and McLellan, consulting engineers, Westminster. 





Tue tate Mr. Huce Cattaway.—We regret to have 
to announce the death, which et on May 31, of 
Mr. Hugh Callaway, of Messrs. J. I. Thornycroft and .- 
Co., Woolston, Southampton. Mr. Callaway was born 
on November 30, 1864; he served an apprenticeship of 
five years, from Webruary, 1882, to February, 1887, 
with Messrs. Denny and Co., Dumbarton, and remained 
with them for a further —_— of nearly two years, until 
November, 1888, as draughtsman. He then served 
as fifth and fourth engineer, from November, 1888, to 
November, 1889, on the R.M.S. Tainui on the New 
Zealand trade. He was later, down to February, 1891, 
works r to Messrs. Massey and Co., general 
engineers and ironfounders, Madras, then he secured 
the appointment as deputy-superintending engineer to the 
India General Steam Navigation Company, Calcutta. 
Between April and November, 1891, Mr. Callaway had 


a | entire charge of their engineering department, during the 


absence of the superintendin 
ber 1, 1892, he was appoin 

to the said onpeny. e was a member of the Institu- 
tion of Civil Engineers since 1900, and from 1895 6 
member of the Institution of Naval Architects. 


engineer. On Septem- 
superintending engineer 
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THE ELECTRIC FURNACE PROBLEM. 


THE general discussion on electric furnaces recently 
held jointly by the Iron and Steel Institute and the 
Institution of Electrical Engineers promised a valu- 
able ventilation of opinion regarding the position 
and uses of such furnaces. That it fell far short of 
its promise could not be attributed to the writers of 
the papers, for these had been carefully prepared, 
and contained excellent matter well arranged, and 
included also authenticated information from an 
unbiassed source on actual performances of British 
furnaces during the war. The discussion did not 
do the papers justice ; in fact, few of the speakers 
seemed to have read the papers, for they were 
hardly referred to at all, and it seems a pity that 
the papers were not in the hands of members at 
least a fortnight before the meeting. It is only in 
this way that mature and considered opinions can 
be evoked. Generally, however, the prevailing 
impression was that electric furnaces were trouble- 
some, that they were expensive, and that they 
stand little chance in the open market of competing 
with other methods of steel manufacture. Such an 
impression going the rounds as the expert judg- 
ment on electric furnaces is a serious matter for 

‘electric ” steel and is still more unfortunate for 
a recently developed industry if it be ill-founded. 
The matter is thus one that demands full considera- 
tion. 

The application of electricity to steel melting 
involves no new principles—the steel is made in the 
same way and the electricity is only the source of 
heat, and since few electrical engineers know any- 
thing about metallurgy and vice-versa, a new 
process which demands a knowledge of both, found 
difficulty during the early stages in getting the 
right men to control it. And there have been many 
cases where the furnaces have been condemned 
because an electrical engineer was put in charge 
and ordered to make steel, or a steel maker was 
given control who had never seen an amperemeter 
before and could not be brought to realise that it 
had anything to do with his steel. And even yet 
some metallurgists do not realise that it is just as 
easy to make bad steel in an electric furnace as it 
is in any other type of furnace. 

The paper contributed by Mr. Mercer, entitled 
“ Electric Furnaces in the United Kingdom, 1918,” 
records widely differing results. The energy con- 
sumption per ton varies from 650 to 5,250 units and 
apparently the size of the furnace does not exert a 
very great influence since there are }-ton furnaces 
using 750 and 7-ton furnaces using 1,035 units. The 
consumption of electrodes varies from 16 lbs. to 
130 lbs. for amorphous carbon and from 6-5 lbs. to 
47 lbs. for graphite. The output shows equally large 
variations, although these cannot be compared so 
easily. Special mention should be made of one 12-ton 





39 | furnace which turned out 1,010 tons of steel in one 


month, or on an average one charge every six hours. 
These results can only lead to the conclusion that 
skilled attention counts far more in electric furnace 


43| work than almost any other factor, and that this 


fact is far from being universally appreciated, 
There has been real trouble naturally, which can 
be grouped under the following headings :—(1) 
Design of furnace. (2) Design of electrical gear. 
(3) Refractories. (4) Electrode trouble. Trouble 


g|in design was mainly the result of constructing 


furnaces which were too light to stand the admit- 
tedly severe conditions in steel works, and it 
naturally took some years to find out the weak 
points and to design the special details which avoid 
delays due to mechanical trouble, and which can be 
easily inspected and repaired. Most of these faults 
lay in the electrode gearing and in the tilting 
arrangements and gave rise in the first case to break- 
ages of electrodes and short circuits, and in the 
second case to serious delays. The stripping of 





the leading screw in the tilting gear has been 
known to lead to the u of the furnace which 
scattered its molten charge all over the stage. 

Electrical trouble arose mainly in the trans- 
formers, and switch gear through overloading. 
The manufacturers were soon able to overcome this, 
however, and so to strengthen the transformers, 
especially on the low tension side, that they were 
able to withstand the heavy surges which are 
inseparable from electric furnace working. At the 
present time all the makers have learnt their lesson, 
and there should be no failure on the electrical side. 
It will always pay to put in ample transformer 
capacity because although the first cost may be 
greater, the running costs will not be appreciably 
affected, and the chance of breakdown is infinitely 
ess. 

It is pleasant to recall that the refractory problem 
has been very materially solved during the war 
period, and that all classes of British bricks have 
improved to a surprising degree. British magnesite 
can now be obtained equal to the Continental brick 
in every respect, so that in competition this factor 
need no longer be an excuse for lagging behind. 
Electric furnaces, however, are severe even on the 
best brick, but this is largely a question of furnace 
design. Any degree of overhang in the walls is 
absolutely fatal to long service, and the bottom 
should be brought well up the side walls to protect 
them from the slag. There is room still for con- 
siderable improvement in the application of refrac- 
tories to electric furnaces. 

The electrodes are either graphite or amorphous 
carbon, and while the former gives no trouble it is 
very expensive, and although the latter is cheaper 
it gives endless trouble through cracking and bad 
joints. There is no more heartbreaking thing than 
a bad batch of electrodes which fall off into the 
bath in large lumps and delay, if they do not com- 
pletely spoil, the charge of steel. It remains to 
be seen whether the manufacturers can improve 
the uniformity of their product, because unless 
this is done they will not stand in competition with 
graphite, which although of higher first cost is often 
the cheaper in the end. There is room for the deve- 
lopment of British enterprise in graphite electrode 
manufacture, though we understand that at least 
one firm is actively engaged in thisdirection. So far 
only the direct arc type of furnace has survived the 
searching test of works practice—the induction 
furnace so delightful to contemplate in theory is 
apparently moribund if not already dead. Although 
many patents have been taken out for special 
electrical connections, and arrangements for direct 
arcs we must say that the differences are mainly 
between ‘‘tweedledum and tweedledee,’”’ and that 
the manner of application of electric heat is of the 
very least importance compared with the mech- 
anical design of the furnace. 

So far we have practically stressed the bad 
features of the electric furnace, but turning now 
to the success there can be no doubt that as the 
return of Mr. Mercer shows, the electric furnace can 
with proper supervision turn out a large output of 
high quality steel of any composition. An example 
of what can be produced under proper conditions 
was brought out by Colonel D. Carnegie, who re- 
ferred to a shop with ten 6-ton furnaces started 
for war purposes in Canada which produced more 
than 400 tons per day of special steel. This out- 
put means a steady rate of seven charges per 24 
hours, or an average duration of 34 hours for each 
charge—a truly marvellous performance. Its 
special function lies in the manufacture of high 
grade alloy steels and high grade castings. Metal- 
lurgically it is an undoubted success, but this will 
not extend its use in the slightest if it cannot pro- 
duce at a cost which will enable the market price of 
its specialties to yield a profit. The chief items of 
cost in electric steel are the labour cost, the cost of 
current, the cost of electrodes and the cost of scrap. 
The labour cost is high in the present state of 
development since the furnaces are all of small size, 
and the same number of skilled men running a 
3-ton furnace could run a 20-ton furnace with one 
or two additional labourers. For these small 
sizes, the only competitive process is the crucible 

, and here there is no comparison because 
the electric furnace can turn out steel at so very 
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much lower a cost that it was already displacing 
the crucible process rapidly in pre-War days. For 
large furnaces the labour cost compared with open 
hearth plant should be less since a larger output is 
obtained for equal charging capacity. 

The cost of electrodes is an important item 
amounting at the very lowest to about 8s. per ton 
at present prices, but this can be reduced materially 
as the majority of the graphite electrodes are im- 
ported, and there is no reason why this item should 
exceed one-half that just named or even less. 

The cost of current used is one of the main 
charges, for even assuming a low average figure of 
800 units per ton at 0-8d. per unit it amounts to 
53a. 4d., which is about six times the fuel cost in 
open hearth practice at the present day. Nor is 
there much chance of getting this greatly reduced 
if power is taken from an ordinary supply company, 
the very low load factor—amounting to about 20 
per cent. for one furnace—amilitates against a cheap 
rate unless there is a bank of furnaces running 
together. With several furnaces running together 
the variations in power can be greatly minimised 
and a very good load factor obtained, but this 
requires a minimum of about eight furnaces to wash 
out the peaks, and shops with this number are few 
and far between. To compete with open hearth 
work the cost of electricity would require to be in 
the neighbourhood of 0°2d. per unit though this isa 
rough estimate made without taking into account all 
the factors in detail. This certainly rules the electric 
furnace out as a produce of cheap classes of steel 
and confines its field to the production of special 
alloy steels which cannot be made so successfully 
by other processes or in the production of steel 
castings where sound steel is essential. Whether 
it is ever adopted in the cheaper steel trade depends 
more on the power engineer than the metallurgist. 

The only other question is that of scrap and, 
since electric furnaces only use scrap without pig- 
iron, itis a vital one. Although at the present time 
there is a shortage of scrap, how long is this likely 
to continue ? There will always be in the future 
a production of all classes of scrap which will be 
competed for by steel works, and those works which 
will produce steel cheapest will be those using liquid 
pig, a process with a limited consumption of scrap. 
Other works using cold charging will have difficulty 
in bringing their costs down to the level of the direct 
process works, and so a few shillings on the cost 
of the available scrap will be a matter of some con- 
sideration to them. They will also naturally prefer 
the heavy scrap, and turnings and light scrap will 
be their last resource. It is just these qualities of 
serap which are most suitable for electric furnaces, 
and since they are making a higher priced steel it 
would seem that they will always be able to procure 
all the light scrap available in the open market. 
And since most of the engineering works produce 
scrap of this description there should be no difficulty 


once trade is normal in supplying electric furnaces 


with sufficient scrap for their requirements. 
The general increase in costs has been during the 
war more or less constant for all sections of expendi- 


ture in steel works, and so relatively steel making 


processes are much the same as they were in pre- 
War times. And prior to 1914 “electric” steel 
was making rapid headway in yearly production in 


the United States, Germany, France and other 


countries. If it could compete successfully then 
with other processes there is no reason why it should 


not still compete successfully, and indeed this much 
seems certain, that for all special steels and castings 
it will not be long before the electric furnace is the 


only process in use for this class of products. 
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HUMAN EFFICIENCY. 
Erriciznoy is the relation 





existing between the 
total units of expended energy and the amount 
turned into useful work. The competent man 
achieves in a given time a greater total of useful 
work than the inefficient. The energy expended by 
each in a working day does not differ very materially, 
but the effect of their application does, and herein 
lies the divergence. It is training and skill which 
increase the ratio of the useful to the total. In a 
highly-trained individual there is neither fumbling 
nor waste effort, every movement counts. He sifts 


the actions which matter from those which are 
wasted, and thereby spares himself useless effort. 
It is a rather curious reflection that the pursuits 
in which the greatest percentage of human energy 
is transformed into useful effort are those in which 
the effort is entirely wasted, and the resultant 
has no commercial value. In sport and in organised 
games the individual who excels has so disciplined 
his muscle and brain that the effect is obtained 
with the least expenditure of energy. The pleasure 
felt in the pursuit of his own inclination is a valuable 
factor in his efficiency. For this reason a man is 
most useful where his choice and interest coincide 
with his work. Most men worth their salt resent 
useless effort. Avoidance of superfluous effort has 
been one main factor in the evolution of mechanical 
art. Not so much necessity, as an inherent dis- 
inclination to toil, has led to a large mass of inven- 
tion. 

It was, for example, the disinclination to undue 
effort which produced the first steam-engine valve 
motion in the days of Watt. While inventors are 
not primarily philanthropists, and their greater 
representatives have been the incarnation of rest- 
less activity, still the incentive was as much reduc- 
tion of drudgery as the possibility of reward and 
the extension of knowledge. 


Three main aims underlie the substitution of 
mechanical art for the drudgery of muscular toil. 
First the saving of effort, and the easy attainment 
of what otherwise would be laborious. Second, an 
increase in speed. Third, the obtainment of things 
otherwise impossible or commercially untenable. 
In the pursuit of the greatest result for the least 
expenditure of human energy, the machine is every- 
where replacing simple muscular effort. Skilled 
handicraft will never be superseded, but there is 
little reason for the retention of more sordid toil. 
The increase of human efficiency by the avoidance 
of undue effort is becoming more and more a feature 
of modern machine design. Handiness is a leading 
characteristic of present day tools, all the controls 
being grouped within easy reach. Having revised 
all conceptions as to the use of labour in other men’s 
businesses, the engineer is appreciating the refine- 
ment of such methods in his own. 

The total units of human energy available in 
any period of time are a limited quantity, and it is 
a paramount duty to avoid their wastage. No man 
wishes to exhaust all his daily store of energy for 
his daily task. He expects and needs to reserve a 
proportion for his own consumption ; as a rational 
being his production of energy is shared between 
his employer and himself. Where shop conditions 
are adverse, because of poor equipment, the working 
day, although of the same duration, is, for this 
reason, longer than where more rational conditions 
obtain. This is the same thing as saying increased 
production depends upon better conditions. Modern 
mechanical appliances have advantages both for 
master and man. Tothe former they represent in- 
creased output, to the latter they mean an easier day’s 
work with a greater amount of energy reserved for 
his own uses. It is simply that the ratio between 
useful and total effort is altered to give greater 
efficiency and benefit to both. A quotation from a 
recent article by Lord Leverhulme is worth repro- 
duction: “Manis not amachine. He is the master 
of machines, and by inventing better machines and 
bringing more machines under his dominion for 
production . he will be able to create a 
bigger fund of wealth out of which he can take a 
bigger reward for his services.” 

We have now come to an era of shorter hours 
plus higher wages, and while the industrial outlook 
causes grave anxiety there is no need for wild alarm, 
for if all parties will accept the new conditions in 
a new spirit, they need not involve higher productive 
cost. properly understood and met they are an 
incentive to modernise production and they place 
an added premium upon efficiency. In the daily 
discussions upon the future of industry the chief 
factor seems to be disregarded. This is the fact 
that, of all men, the engineer holds the key to the 
apparently insoluble problem. He has always 
been rather timid in ing his claims and his 
opportunity has been restricted in that he has not 
been en to epply fully those labour-saving 
devices which use human energy economically. 


Just as modern wealth is largely his creation, so 
future prosperity is contingent upon his activities. 
Under the spur of national necessity, unhampered 
by considerations of cost, the engineer has accom- 
plished productive marvels. Under the provocation 
of resurgent labour industry can only be stabilised 
by the application of the same ingenuity to its 
problems. The present incentive is nearly as 
powerful as national necessity, and granted the 
power to apply mechanism and management in 
unstinted measure, the future can be made secure. 
If labour is ensured against want, poverty and 
dispossession, it should not be reluctant to allow 
the more intensive methods whereby the wealth it 
requires can be created. Shorter hours, increased 
wages, better conditions can all be afforded, but only 
by the combination of real effort coupled to the 
fullest extension of mechanism. The hope of the 
future is the engineer. Individual prosperity, as 
well as national solvency, lie in the co-operation of 
the engineer with the scientist, and without new 
invention or radical departure, but by universal and 
intensive application of the known and proven, vast 
strides in the power of wealth creation can be made. 
Priority must be given to necessity and luxury 
must be penalised. It is clearly useless to attempt 
to solve industrial trouble with the idea of individual! 
aggrandisement; labour is not interested in the 
creation of profits in which it has no share. 





































































INTERNAL-COMBUSTION ENGINES 
AND PISTON RINGS. 

Iris generally admitted that success with internal- 
combustion engines can only fully be achieved by 
adopting the most careful design and construction 
of certain of the vital units of this type of engine. 
A full knowledge and an ample experience with other 
prime movers helps but little towards a clear 
appreciation of what are these crucial details with 
internal-combustion engines. These notes are 
drafted with a view to indicating the importance 
of the part played by the piston ring in the per- 
formance of internal-combustion engines of all types. 

It. cannot but be remarked that the mechanical 
efficiency or the ratio between brake and indicated 
horse-power with internal-combustion engines is 
relativaly low in comparison with steam engines. 
A figure in excess of 80 per cent. is rarely achieved, 
and is only reached with relatively large and slow- 
speed engines, working on the four-stroke cycle, 
and with few, if any, auxiliaries, such as cooling 
water, forced lubrication pumps, &c., driven directly 
from the engine. Naturally, this loss of over 20 per 
cent. of the indicated horse-power has been fully 
investigated, with the result that half atleast is found 
to be directly attributable to piston and piston- 
ring friction. This definite absorption of power 
some 10 per cent. of the indicated and 12 per cent. 
of the brake-horse power of the engine can be said 
to depend primarily on the following factors : 
(a) The quality of the metal of the piston rings, 
piston and liner; (b) the fit and condition of the 
piston rings; (c) the quality of the lubrication 
(certain tests which have been carried out go to 
prove that, up to a certain point, a diminution 
in viscosity of the lubricating oil increases the 
mechanical efficiency, and in one case the efficiency 
was increased by water injection into the com- 
bustion chamber) ; (d) the amount of the clearance 
between the piston and the cylinder walls has an 
influence on efficiency; (e) the mean effective 
pressure, the compression pressure, and the pressure 
between the piston, the piston rings and the liner 
can probably have most suitable values for the 
reduction of this friction loss to a minimum ; 
(f) the temperature at which the engine runs will 
have an effect upon the lubrication and on the 
piston clearance; and it has been substantially 
proved that there is, for a given engine, a tempera- 
ture giving maximum mechanical efficiency. 

From the foregoing it will be seen what a large 
part is played by the design, the material and the 
workmanship of the piston rings. The conditions 
under which the piston rings in internal-combustion 
engines are called upon to play their part are ex- 
tremely severe. It is probable that in regard to 
temperature the piston ring is at as high a tempers- 
ture as any part of the engine, excepting perhaps 
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the piston crown, where this part is not cooled 
by either water or oil. Heat will be generated by 
the rubbing contact of the piston rings with the 
cylinder walls. The piston ring is not only pressed 
against the cylinder walls by the pressure consequent 
upon its own spring, but is pressed out also by the 
pressure of gas behind the ring in the piston groove. 
Sufficient rings must be provided in each piston 
to achieve the requisite degree of gas tightness 
under all running conditions, and contingencies 
such as rings gumming up with carbon, or breaking, 
must not be lost sight of. An excessive number 
of piston rings increases needlessly the total engine 
friction, @ point which will be returned tolater. Of 
the heat generated by the combustion within the 
combustion chamber, a substantial amount is 
transferred from the piston crowns (when uncooled 
by water or oil, and the great majority of internal- 
combustion pistons are so uncooled) to the water 
jacket through the metal of the piston to the 
piston rings, and so to the cylinder and the cooling 
water in the cylinder jacket. The heat transfer 
through the piston rings is therefore an important 
function of the internal-combustion engine. The 
subject of “ growth ”’ of cast-iron has lately received 
much attention in connection with pistons and 
cylinder liners, but the piston ring, especially the top 
ring or rings of the piston, have not received sufficient 
attention as probably being subject to more intense 
heat conditions than most of the other parts of our 
internal-combustion engine. 

In regard to design, piston rings should have the 
exact section to give the desired pressure against 
the cylinder walls. The butt should be such as to 
prevent jamming when the expansion at full working 
temperature takes place, and yet should reduce 
to a minimum the possibility of gas leakages. Even 
pressure all round the circumference is an important 
item which can only be achieved in practice by 
casting the piston rings so that internal casting 
stresses are minimised, and then after machining, 
hammering the ring to ensure the exact spring, to 
give even pressure al] round the circumference. 

Compression is one of the essentials to efficiency 
in internal-combustion engineering. A _ certain 
percentage of leakage past the piston rings is 
inevitable. This leakage is most detrimental. 
Firstly, to efficiency, since work has been put upon 
the charge within the engine cylinder to compress 
it to the pressure of leakage, and if the rings leak 
during the compression stroke, this work is entirely 
lost. A leakage of compressed gas during the 
compression stroke means further that there is less 
air trapped within the combustion space to support 
the combustion of the fuel, or with gas and petrol 
engines there is less mixture to burn. The power 
which the engine is capable of developing therefore 
falls off, and so the efficiency diminishes. With the 
majority of internal-combustion engines, a reduction 
in compression pressure apart from quantity of gas 
compressed means a decrease in efficiency of the 
cycle, and so an increased fuel consumption per unit 
of power output. If the rings leak during the firing, 
stroke work is lost and the consumption of fuel is 
increased. With leaky piston rings, of course, 
loss of gas will occur both during the compression 
and the firing strokes, but mostly probably during 
the firing stroke. Secondly, there is an intensely 
practical side to this question of piston-ring leakage. 
Hot gases escaping past the piston rings, burn up the 
lubricating oil film on the working surface of the 
cylinder and tend thus to cause the piston to become 
unduly hot through the increased friction arising 
from this lack of lubrication. The hot gases blowing 
past the piston heat it directly, and so tend towards 
seizure, Further, the working conditions of the top 
end or gudgeon-pin bearing are rendered less satis- 
factory. Distortion of the piston is a probable 
result, and the causes enumerated can readily, singly 
or collectively, have the effect of causing a seized 
piston, with the possibility of all the attendant 
consequences of scored or cracked liner or cylinder, 
damaged connecting rod, &c. 

The quality of the metal of which the piston rings 
are constructed, is therefore a matter of prime 
‘portance, no less than in the case of the cylinders, 
liners and pistons. Steel for piston rings has been 
repeatedly tried, but without success. Cast-iron is 
cheap and has peculiar properties of taking on, in 


use, an excellent surface for resisting wear under 
conditions of rubbing contact, whilst giving the 
requisite degree of spring. There are few metals, 
however, which can vary so much in practice as cast- 
iron. The iron for piston should have a 
reasonably good tensile and high shock-resisting 
figures, should resist growth due to temperature, 
and have good wearing properties. The casting 
must be without flaws. A centrifugal process for 
casting piston rings has been developed, which 
gives a quality of structure of metal, tests, and 
running results, greatly superior to any metal 
produced by sand or ordinary methods, and we 
hope to give later full particulars of this process 
and the products therefrom. 





NOTES. 
THE RESTORATION OF PRE-WaR PRACTICES. 

WHEN in the early part of 1915 an agreement was 
come to between the Government and various 
trade unions for the suspension of trade practices 
which might interfere with the output of munitions, 
it was clearly understood that the suspension 
should cease to be operative after the war. The 
rescinding of the suspension has also been promised 
to the unions by the Government, in very definite 
terms, on more than one occasion since then. 
The Bill for the restoration of pre-war practices 
which passed second reading in the House of 
Commons on Monday, thus represents the meeting 
of a debt of honour and unquestionably the Bill will 
pass all its stages in due course. We would wish 
nothing else, and yet it is to be hoped the Bill will 
not prove a mere sterilising influence leading back 
to many things which, once having left, we would 
do well to leave for ever. The pre-war practices 
which were dropped in a national emergency were 
concerned essentially with artificial restriction of 
output, and the forbidding of the employment of 
unskilled labour on processes which, according to 
trade union definition, were “‘ skilled,” but which 
unskilled people during the war have shown them- 
selves quite able to carry out. Maximum produc- 
tion per employee, which in the end is the cheapest 
production, is wanted just as much now as in 1915, 
and if an unskilled man can do a job it is waste of 
national resources for a skilled man to do it. One 
can easily understand and sympathise with the 
workman’s point of view of 1914, that if he worked 
too hard he would simply put his mate out of a 
job; but one hopes that a wider and truer appre- 
ciation of economic laws is making some headwa 
among our skilled workmen. The remarks of Mr. 
Clynes in the House of Commons on Monday were 
of good augury in this connection. Further it is in no 
way to the good of the Amalgamated Society of Engi- 
neers that they should insist that a job which can, 
and has been, quite well carried out by a servant girl 
after a month’s training should be confined to a 
fully qualified journeyman. To do so is really to 
depreciate the value of the journeyman. The 
skilled man has in some ways been badly treated 
during the war, especially in connection with the 
relation between his wages and those paid for quite 
unskilled work—after all it was the skilled man 
who made the guns and shells, or who taught 
other people how to do it—none the less his 
true policy now in the interests both of the 
nation and himself lies very far from an insistence 
on the restoration of the conditions of 1914. If 
wisely handled this Bill may become the skilled 
man’s charter in no narrow sense of “ restoration.” 
It gives the unions magnificent bargaining power. 
Let them fully and frankly admit that work which 
can be satisfactorily done by an unskilled man is no 
work for a skilled man. In no way can the trades- 
man more surely take the position which his training 
and skill entitle him to, and in no way can we more 
surely build up a newer and a greater industry on 
the ashes of the war. 


ELEcTRoLyTic ALUMINIUM RECTIFIERS. 
Under the peculiar title “ Electric Discharge on 
the Surface of a Solid Electrolyte. The Theory of 
Electrolytic Safeties against Overtension,” the 
Physical Review of March last, publishes a paper 
presented by W. Sulejkin to the Moscow Institute 
of Science in May, 1918. The paper really deals 





with the behaviour of aluminium anodes in electro- 





lytes, in which they become covered with a film of 
highly porous oxide or hydroxide and of oxygen.” 
This film being of very high ohmic resistance is 
able to stop several hundred volts, and is therefore 
utilised to convert alternating currents into uni- 
directional currents and, in the lightning arresters 
—which the journal mentioned calls “ safeties ”— 
to prevent the escape of line currents when the 
temporarily exceptional high tension of lightning 
discharges or current rushes has broken down the 
insulation in the gap. The devices fail when the 
tension exceeds a certain critical value, and it is 
often asserted that this failure occurs because the 
insulating film is then broken through and direct 
communication is set up between the electrolytic 
and the metallic electrode. That explanation is in- 
sufficient, however, because long before, with in- 
creasing tension, the volts have reached the critical 
value, bright spots appear on the anode and gas 
bubbles are liberated, showing that the discharge 
has penetrated the oxide film. These perforations 
of the insulating film are supposed to close up again, 
as long as the critical volts are not exceeded. 
According to Sulejkin the importance of the critical 
volts is of a different character. The equilibrium is, 
he points out, in the first instance kinetic, not static ; 
secondly, ruptures are constantly formed and closed 
up again, indeed, but when the critical volts are 
reached, the discharge assumes the nature of an 
arc between the anode and the oxide film, which is 
rapidly destroyed thereby. This arc discharge 
would then be the characteristic feature, and the 
point was suggested to Sulejkin by experimenting 
with wires of aluminium or platinum fused into glass 
tubes so that only the wire end, less than 1 mm. in 
length, protruded into the liquid. When the critica! 
tension was attained—which depends on the nature 
of the electrolyte and its concentration—the glass 
tube cracked and the colour of the discharge 
between the electrode and the liquid changed from 
yellowish into dazzling white. He obtained the 
same white flash when he dispensed with the 
sheathing glass tube, but approached a piece of 
glass (or quartz, enamel, or other solid insulator df 
this type) to the end of the wire within the liquid. 
He found that the critical tension did not depend 
upon the kind of glass, except when the glass was 
highly charged with metallic oxides; but substitution 
of a metallic conductor for the insulator prevented 
arc discharge. The experiments were made with 
anodes of aluminium and of platinum or nickel and 
with various electrolytes, caustic soda and sodium 


y carbonate, sulphuric acid and sulphates, liydrochloric 


acid and chlorides, but not with the alkali phos- 
phates and borates which are frequently used as 
electrolytes in these rectifiers. ‘The anions which 
are believed to be chiefly concerned in these phe- 
nomena, when there is no insoluble hydroxide film, 
were thus: OH, HCO, SO, and Cl. The new 
experiments may not fully explain the peculiar 
phenomena of the aluminium electrolytic rectifier, 
but the influence of the arc discharge at and above 
the critical tension seems to be a point which had 
not attracted the particular attention of Giinter 
Schultze, the chief investigator of these phenomena, 
and of other workers in this field. 


Tue CHEMIST AND ENGINEER AND THE PETROLEUM 
INDUSTRY. 


“ Life is too short for the chemist to be his own 
engineer or for the engineer to be his own chemist.” 
We are inclined to concur with this sentence with 
which Dr. F. Mollwo Perkin, F.1.C., concluded a 
paper by himself and Mr. T. C. . Palmer, 
A.M. Inst.C.E., read before the Institution of Petro- 
leum Technologists on Tuesday, May 20. We .will 
not quarrel with the authors either as to the ques- 
tion whether the distilling and refining of petroleum 
and the treatment of the products depend more 
upon the engineer than upon the chemist. We 
should simply say that the engineer is indispensable 
in chemical manufacture and in any works, both 
with respect to the design and working, Dr. Perkin 
does not fancy the terms chemical engineer and 
engineering chemist, and he thinks that an engineer 
and a chemist will do better than either the chemical 
engineer or engineering chemist would do alone. 
That statement brought down upon him censure by 





Professor J. W. Hinchley, Dr. Ormandy, and Mr, 
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Aufilogoff. The latter asked who was to decide if the 
chemist and engineer should disagree ; the manager 
would be incompetent, and an arbiter would have 
to be called in. In reality the speakers did not 
differ so very much, however. Dr. Perkin wants 
his chemist to have a fair knowledge of engineering 
and his engineer to know some chemistry. The 
college and courses of chemical engineering which 
Professor Hinchley and the others advocated, 
have long been appreciated both on the Continent 
and over in America, and much of the success of 
German chemical manufacture was rightly ascribed 
to the German chemical engineers. There is no 
doubt that chemical engineering should be taught 
at technical colleges. But even the new chemical 
engineering college would hardly turn out a chemical 
engineer capable of taking charge of oil works. 
Those works have their own particular problems. 
Many oil works are badly designed on the whole and 
in detail; that was generally admitted, and not all 
the plants which look like superior engineering 
work well. The engineer and the chemist must 
collaborate at the various stages, and the com- 
petent oil engineer is trained in the oil works and 
does not owe his efficiency merely to a college 
diploma. Specialisation at an early stage is to be 
depreciated; the college should give a sound 
general foundation, as Sir Boverton Redwood 
pointed out, Some professors are too anxious to 
train students for particular industries. That had 
better be left to the trade schools or cognate institu- 
tions and to the works, In Canada the professors 
of engineering colleges arrange with the manu- 
facturers for holiday work of their students. Such 
arrangements are more easily made in young 
countries than in the old-established centres of 
industry. But it is in the works that the student 
learns his fitness for a particular branch, and there 
he should settle on his speciality. Like the paper, 
the discussion referred to a great many points, the 
buying of coal on the basis of calorific value, 
the use of economisers, coal carbonisation, and 
combustion control, &c. Sir Frederick Black, the 
President of the Institution, drew attention to the 
use of pulverised coal, a subject which was last 
month brought by Mr, L. C. Harvey before the Iron 
and Steel Institute. The point mentioned by Sir 
Frederick Black was that in America about 30 per 
cent. of pulverised coal or coke are mixed with oil 
or tar and sprayed with the burners; when the 
mixture was kept in tanks, the coal remained in 
suspension in the oil for some time; but he had 
found that a mud deposit settled in ten weeks or 
so, and that fact made the use of such fuel awkward 
for marine purposes. 


COMPRESSIBILITY aT High PRESSURES. 


AN extensive series of experiments on the com- 
pressibility of metals, quartz and some salts at high 
pressures has been conducted at the Geophysical 
Laboratory of the Carnegie Institution, Washington, 
by L. Adams, E. P. Williamson and J. Johnston 
(Journal of the American Chemical Society, January, 
1919). The test-piece is placed in the cylindrical 
cavity of a solid steel bomb which is fitted with a 
piston ; the remaining space is filled with an oil 
which will not thicken at high pressures, kerosene 
being selected. The piston is forced down by 
hydrostatic pressure, and simultaneous readings 
are taken of the piston displacement and of the 
pressure exerted. From these data the volume 
change of the contents of the bomb can be deduced, 
subject to the correction that there are three com- 
ponents of this change: (1) The compression of the 
specimen ; (2) the compression of the liquid ; (3) the 
distortion of the bomb, Components (2) and (3) 
might be separately determined ; it is more con- 
venient to determine them tegether by experimenting 
with a standard specimen of known compressibility. 
The com n of the standard material adopted, 
a soft Bessemer steel of 0-2 per cent. of carbon, is 
according to P. W. Bridgman, proportional to the 
pressure for loads up to 10,000 kg. per square centi- 
metre, and its mean compressibility, at 10 deg. and 
at 50 deg. ©., is 0-583 and 0-601 x 10-* per 
kilogramme square centimetre respectively ; 
Griineisen’s for the same material being 
0-58 and 0-63, the value 0-60 was accepted as 
average for the experimental temperature of 


20 deg. C. The bomb is a cylindrical block, 250 mm. 
high, 150 mm. diameter, provided with an axial 
vertical cavity, 17-15 mm. in diameter and 175 mm. 
deep. The bomb-material is a vanadium-steel 
(Halcomb’s type D) which never becomes very hard, 
which requires no annealing, and can be subjected 
to the seasoning process of Bridgman. For this 
purpose the cavity is filled with glycerin and water 
(1 : 2), and the piston is forced down until a pressure 
of 25,000 megabars (1 megabar = 0-987 atmo- 
sphere = 1-02 kg. per square centimetre) is de- 
veloped ; the steel yields a little, and a second pres- 
sure of 12,000 megabars, slowly applied, raises the 
elastic limit sufficient to let the steel subsequently 
resist 15,000 megabars without deformation. In the 
subsequent tests the pressure was raised to 10,000 
megabars. The packing is, as in Bridgman’s device, 
not attached to the plunger; the plunger consists 
of vanadium steel (type K, quenched at 850 deg. C. 
and then annealed for an hour at 220 deg.), and 
over its stem five washers are superposed, each 
1-5 mm. thick, one of copper, two of rubber, one of 
copper, one of soft steel, and finally, at the top, 
a collar of hard steel. The pressures are determined 
after Bridgman by measuring the change in the 
electric resistance of a wire of manganin or of therol, 
a substance similar to manganin, but of higher 
thermoelectric force. The piston displacement was 
read off on a dial micrometer. The specimens were 
cylinders, turned or ground to size, of about 
20 cub. cm. volume, 15-8 mm. in diameter, 102 mm. 
long ; the volume was redetermined after the test by 
determining the loss of weight in water. The 
pressure should be purely hydrostatic ; a shear may 
be set up when the specimen consists of an aggregate 
of crystals, Plotting the pressures as ordinates 
against the volume changes Adams and his collabora- 
tors found that the curves were sensibly linear for 
gold, copper, brass, silver, aluminium, steel and 
calcite ; the compressibilities of zinc, tin, cadmium, 
lead, bismuth, tin-bismuth alloy, quartz and rock 
salt slightly decreased at high pressures, The 
compressibility of the tin-bismuth alloy (not of 
brass) could be deduced from those of the con- 
stituent metals. We give some of the compressi- 
bilities found, all in the unit stated above: Sodium 
chloride 3-53, quartz (fused) 3-0, bismuth 2-57, 
quartz crystal 2°31, Sn-Bi 2-22, cadmium 1-7, 
lead 2-16, tin 1°64, zinc 1°43, calcite 1+39, 
aluminium 1-32, silver 0-97, brass 0-89, steel 0-6, 
gold 0-57. There were hardly any comparison data 
available, but the figures for quartz and for sodium 
chloride agree with the elastic constants according 
to W. Voigt. 





PrRSONAL..—The Russell Oil and Chemical Company, 
Limited, National Oil Works, Adams-street, Birmingham, 
state that they have put down a branch establishment 
at York Works, Short-road, Stratford, London, E. 





Tue Hovusine Prositem.—tThe Intelligence Division of 
the Local Government Board issued last month a small 
pamphlet on “ Housing by Public Utility Societies, 
the Government Proposals,’’ which explains the forma- 
tion and scope of these societies, and the financial help 
they can obtain from Government and the Local 
Authority for promoting housing schemes. It shows how 
groups of people, whether of workers alone, or of workers 
acting jointly with employers or groups of other persons, 
may combine for the purpose of carrying out the building 
of houses and obtain the financial help referred to. The 
facilities afforded by the Government in conjunction 
with the societies in question should go far towards 
the solving of the present housing problem. 





University CoLLEGE AND Hospiran War MEMORIAL. 
—A War Memorial scheme for University College, 
University College Hospital and Medical School, London, 
has now been settled, and an appeal for a sum of 30,0001. 
is being issued this week to all old students of the college 
whose addresses are known. The complete scheme, as 
settled by a representative and influential committee 
under the patronage of the Earl of Rosebery, Chancellor 
of the University of London, includes ‘ao following 
features: A War Memorial Album, containing the 
records of the academic and service careers of the 268 men 
who have fallen; Memorial Tablets, recording their 
names; scholarships for the sons and daughters of the 
fallen ; a Great Hall for the use of the college and medical 
school; the endowment of University College Hall, 
Ealing. The hon. treasurer is Captain Wedgwood Benn, 
D.8.0., D.F.C., M.P., who is a Fellow of the College ; 





gratefully acknowledged. Members 


college. 


donations sent to him at University College will be 
° and friends of the 
college and medical school who have not received copies 
of the scheme should apply to Captain Benn, at the 


LITERATURE. 


; —_——_—-——_ 

The Theory of Modern Optical Instruments. <A Reference 
Book for Physicists, Manufacturers of Optical Instru- 
ments, and for Officers in the Army and Navy. By Dr. 
ALEXANDER GLEICHEN. Translated from the German 
by H. H. Emstzy, B.Sc., and W. Swamng, B.Sc. With 
an Appendix on Rangefinders. London: Published 
for the Department of Scientific and Industrial Re- 
ss by H.M. Stationery Office. 1918. [Price 12s. 6d. 
net. 

THE appearance of this treatise in an English dress 
is due to the war, or it would be more correct to say 
that its publication is intended as an antidote, to 
correct the neglected condition of optical design 
and manufacture, revealed by the exigencies of the 
war. Originality and enterprise had alike dis- 
appeared. Middlemen who sold optical instruments 
made in foreign countries were very prominent, 
and the so-called makers confined themselves 
generally to assembling parts of instruments, 
purchased abroad. That is all altered now, a 
wholesome revival has penetrated the whole 
industry, and not only is the country independent 
of all foreign aid, but is prepared to carry the 
war into those markets that have long been the 
happy monopoly of German firms. But when the 
position was less assured, the Standing Committee 
on Glass and Optical Instruments believed that the 
needed interest might be aroused by the translation 
and issue of foreign works, detailing recent improve- 
ments in optical science. It was urged, not without 
reason, that the indifference and disregard which 
had long paralysed the trade might be removed, 
if the advances made in Germany and elsewhere 
were brought prominently under the notice of those 
interested. Dr. Gleichen’s book was selected as one 
well suited to the purpose contemplated, the 
selection being determined in some measure by the 
fact that Messrs. Emsley and Swaine were already 
engaged in producing a translation. This treatise 
is perhaps as well adapted as any could be to 
exhibit the shortcomings and lethargy that had 
overtaken the trade, but we do not clearly see the 
necessity for any translation. The able translators, 
who are connected with the firm of Barr and Stroud, 
have furnished an appendix dealing with the theory 
and practice of rangefinders, presented in so masterly 
and efficient manner, that there can be no doubt 
but that they could have produced an original 
work of at least equal merit to that selected for 
translation, in which more justice would be done 
to British enterprise, and our recent activity shown 
in a more favourable light. In any case, we have 
a right to insist that awakened energy has preceded 
and not followed the appearance of this book. The 
latter will not serve as a stimulant, but may have a 
career of more solid usefulness. 

Terminology and nomenclature in optical science 
are by no means standardised. The translators 
state that the subject as treated by the photo- 
grapher, the practical optician and the university 
student, differs so widely that the different methods 
ean hardly be recognised as belonging to one and 
the same science. The Standing Committee have 
experienced the difficulty that a want of uniformity 
imposes, but they foresaw that any attempt to 
revise the terminology would not only have caused 
a serious delay, but “would have raised difficult 
and far-reaching problems, which could not at the 
present moment receive the attention they deserve.” 
As a consequence, Dr. Gleichen’s text has been 
closely followed, and any deviations or additional 
explanations that were thought necessary are 
indicated in footnotes. The inconsistencies con- 
nected with direction of measurements and with 
some other practices, are therefore left unaltered. 
Want of uniformity, by this method, receives 
further sanction and continuity, but the correct 
way to treat a translated work has undoubtedly 
been followed. The object was to present to 
English students the same work and in the same 
way as it is presented to German students. 

Dr. Gleichen has divided his book into two sections 
—the former discussing by the usual geometrical 
methods the laws of refraction at spherical surfaces, 
and the tracing of rays through a co-axial system of 
lenses. Rays outside the paraxial region with 
the accompanying aberrations are not treated 50 
fully, but in an eminently practical manner. The 
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second portion exhibits the application of the 
optical principles to the construction of instruments, 
and it is this second portion we imagine, which 
recommended the work so strongly to the Standing 
Committee, and had previously attracted the 
attention of the translators, 

Every optical system which brings about an 
alteration in the path of a bundle of rays may 
correctly be described as an optical instrument, 
but only two types have been widely treated in 
optical works: The telescope, conditioned to give 
magnified retinal images of distant objects, and 
microscopes for magnifying near and small objects, 
have very generally absorbed the attention of 
students. The necessities of recent times have 
forced into notice other forms, in which the magnifi- 
cation is not of primary importance, or in which the 
objects to be viewed are neither very far distant 
or very near. As examples of wider application may 
be given the sighting arrangements for artillery, and 
periscopes, or such instruments as the cystoscope 
and some forms of ophthalmoscope. These wider 
applications of the opticians’ art have directed more 
attention to the eye as an optical instrument, and 
the conditions under which an emmetropic eye 
at rest will receive sharp retinal images. The theory 
of optical instruments is therefore appropriately 
introduced by a very full description of the human 
eye in its connection with optical instruments. Too 
frequently writers have contented themselves with 
discussing the behaviour of rays in an optical system 
without reference to the mode of perception, or 
even of noticing that the eye is not strictly a centred 
system of spherical surfaces. Average results and 
measurements must be assumed in some particulars, 
but the author not only gives the data of the 
“Schematic eye” of Helmholtz, but the more 
elaborate scheme due to Gullstrand; indeed, the 
influence of this latter writer is very noticeable 
throughout. 

Two interesting chapters are devoted, respectively, 
to the general theory of optical instruments and the 
magnifying glass in combination with an emmetropic 
unaccommodated eye, in which magnitude and 
illumination are ably discussed. Such problems 
as that a luminous surface appears equally bright 
at all distances, and that the brightness of a surface 
cannot be increased by using an optical instrument, 
are stumbling blocks to many who have not followed 
the general principles of optical science. 

These chapters are followed by a full and practical 
description of the telescope, treated in a somewhat 
novel manner. Eyepieces, naturally come under 
discussion and we meet with an improved form of 
Kellner, for which some practical advantages are 
claimed. To overcome the lack of sharpness of 
image, which has often disappointed those who have 
used this form of eyepiece, Zeiss, it is stated, has 
devised an arrangement to remove this defect by 
combining two kinds of glass in the eye-lens, so 
that as compared with the Kellner eyepiece, there 
is a great dissimilarity between their relative 
dispersions, whilst the difference between the 
refractive indices is very small. Suitable radii, 
thickness and refractive indices for the lenses as 
well as the distances between them, are given. 
Similar data for a modified Ramsden eyepiece 
are also shown. In the same section, the con- 
struction of prisms and of prismatic telescopes is 
described in great detail, an addition to the ordinary 
telescope that has increased the convenience of 
rangefinders and similar apparatus, besides in many 
cases reducing the size and weight. A wide series 
of glass elements with reflecting surfaces have 
been devised, which it is convenient to describe as 
prisms, though the commonly-received notion of a 
prism can in some cases be scarcely recognised. 
Their function may be to make an incident axial 
ray after passing through the instrument emerge 
parallel to itself, or they may revert, or invert, 
the optical image, or alter the paths of the ray. 
Some of the ingenious applications that Zeiss has 
made of these prisms seem to be quaint rather than 
useful, but in many instances the scope and potenti- 
alities of an instrument are largely increased. 

_ The panoramic telescope, better known, perhaps, 
in this country as the “dial sight,” furnishes an 
example of this extended usefulness. The peculiar 
feature of the instrument consists in affording the 





means for viewing a large arc of the horizon without 
rotating the eyepiece to any great extent. The 
demand for such instruments arose from the 
improved methods of gun sighting in modern 
artillery practice, in which it may be necessary 
to utilise. aiming sights situated behind the gun. 
The necessary apparatus can be provided by using 
several objectives of different focal lengths, directed 
to different azimuths, the rays entering the eyepiece 
after traversing an inverting system and coming 
to a focus on a common plane. A single eyepiece 
is used, and the field of view. exhibits several images 
of different sizes corresponding to various portions 
of the horizon. A neater method for accomplishing 
the same result, consists in using a single total 
reflecting right-angled prism as an entrance reflector, 
capable of rotation. The reflected image will 
necessarily become inclined as the reflector is 
rotated, but this drawback can be overcome by 
introducing into the optical system an erecting 
prism that rotates at half the angular speed of the 
entrance reflector. This device is of British origin. 
It was proposed by Sir H. Grubb, who applied it 
to surveying instruments. The special application 
to artillery sights is due to Messrs. Goerz, and it is 
a humiliating admission to have to make that 
notwithstanding the priority of invention, estab- 
lished by Sir H. Grubb, yet at the outbreak of war 
we were unable to equip our artillery without 
having recourse to German manufacturers. Needless 
to say, that the position as regards these sights was 
very critical, and the dangers arising from adopting 
a mistaken policy very manifest. It is, however, 
as satisfactory to know that before the end of 
hostilities, two firms alone were capable of supplying 
these sights at the rate of 250 per week, and that 
this delicate piece of optical workmanship possessed 
a delicacy and perfection, that Germany never 
exceeded.» The requirements of artillery have led 
to some very neat and successful applications of 
the prism, and doubtless when the history of optical 
progress in Germany during the last few years is 
written, we shall find that the ingenious devices 
here described have been superseded by new 
inventions, showing ever-increasing skill and adapt- 
ability. The periscope in particular has offered a 
great field for the exercise of skill and dexterity. 

A chapter on Stereoscopy leads naturally to the 
discussion of rangefinders, a form of instrument 
in which is introduced the principle of the binocular 
telescope with greatly increased interocular distance, 
and in many cases the exactness of measurement 
depends upon the accuracy of the stereoscopic 
picture formed from two objectives. A somewhat 
novel application of the combination of pictures, 
taken from two different standpoints is provided 
in the stereo-comparator. In this instance, photo- 
graphs of portions of the sky are taken at six 
months’ interval, when the observers’ position is 
changed by twice the distance separating the Earth 
from the Sun. Dr. Gleichen states that stereoscopic 
images of the Moon have been obtained in this way. 
We do not understand this suggested application. 
It seems to be hinted that the method is available 
for the determination of stellar parallax. This may 
be doubted, but the instrument has been used 
successfully for detecting instances of large stellar 
proper motion. 

The application of optical science to surgery is 
illustrated by two chapters, one on cystoscopes, 
instruments used for the inspection of the human 
bladder, and in which the lenses are necessarily 
limited to less than 5 mm. or 6 mm. in diameter, 
imposing special conditions on the optical system, 
and another on ophthalmology. In the latter we 
meet with instances of good results produced 
deforming the spherical surfaces of lenses; the 
object being to eliminate distortion and the difference 
in magnification, between the paraxial and oblique 
bundles. A large future lies before this special 
method of treatment, which has long been applied 
with good effect to the large lenses required in 
astronomical observation. The figuring of the sur- 
face by zonal polishing has been employed experi- 
mentally, but a centred optical system which 
produces aplanatic imagery for all zones over a 
finite aperture can only be obtained by systematic 
deformation. ‘The curvature of image surface, 
astigmatism and coma have been much reduced by 


making use of known deviations from spherical 
surfaces. 

To the appendix, extending and supplementi 
the information on sean Sony eid . 
Dr. Gleichen, we have already referred. Attention 
may be directed to this contribution with the greater 
satisfaction, as in the form designed for use by a 
single observer, the rangefinder provides a marked 
instance in which English opticians have no need 
to fear any comparison with foreign competitors. 
The general theory, based as it is on parallactic 
displacement, admits of little or no variation. But 
the instrumental means by which the principle is 
made available gives opportunity for the exercise 
of considerable ingenuity, and in the competent 
hands of Messrs. Barr and Stroud, convenience of 
arrangement, permanence of adjustment, and 
facility in use, have reached their limit. The 
accuracy attained is very remarkable, and is the 
more surprising when the smallness of the angle 
that the instrument maker has at his command is 
taken into account. 

of Structures. By Arntuur Morey, 
M.L.Mech.E., formerly Professor of 
Engineering in University College, Notti 


edition. on: Longmans, 
14s. net. 
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Ir is inevitable that the work of any author of repute 
should be scanned with the hope of finding some- 
thing above the average, so that the higher the 
author’s reputation, the more will be expected of 
him. Professor Morley, in addressing himself to 
the treatment of the theory of structures, deals with 
matters which have been expounded by so many 
authorities, so fully and so well, that the task of 
producing a book on this subject which shall justify 
itself, and satisfy expectations, is indeed no light 
one. 

It is not perhaps so generally realised as it might 
be how old are some of the principles underlying this 
study. Galileo, about 1638—nearly 300 years ago— 
discussed the principle of the funicular polygon 
and resolution of forces, and showed that the 
resistance of beams of rectangular section to bending, 
varied as the square of the depth and as the breadth. 
Hooke, in 1660, discovered the proportionality of 
stress to strain in elastic bodies. Marriotte, a little 
later, observed that the neutral axis of a beam 
passes through its centre of gravity, with compression 
above and tension below; and Bournouilli, about 
the year 1700, plotted stress-strain curves for beams. 
Parent, in 1713, enlarged upon these principles, 
and showed that there is equality of total stress 
above and below the neutral axis, and that stress is 
proportional to distance from the axis. He defined 
also the catenary curve. These fundamental 
teachings, the beginning of this study, were reached 
more than 200 years ago, since which time great 
strides have been made, as will be understood upon 
opening Professor Morley’s book. The scope of this 
work is that commonly found in books of the kind, 
and is limited to the consideration of structures 
of practical type, and of problems arising in such 
structures, though with satisfying completeness. 
The opening chapter deals with the three principal 
elasticities, and their relation one to the other, 
treated with clearness. Working stresses are con- 
sidered somewhat fully, including the effects of 
impact, fluctuations and range of stress, and cognate 
matters. Following this we have the principles 
of statics, bending moments, and shearing forces 
presented—dealt with largely by graphic methods, 
and fully explained. Stresses in beams of unusual 
sections are dealt with at length, shear receiving 
particular attention. Moving loads, moments and 
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by | shears in beams, are treated chiefly, but not solely 


by analytical methods. Deflection and elasticity 
of beams, including problems in continuity, are 

sed at great length, and some alternative 
graphic methods presented with advantage. Com- 
bined bending and direct stress, leading up to the 
treatment of columns, claims also a large share of 
attention, bringing the reader well past the middle 
of the book. 

The examination of framed structures, roof 
trusses and girders chiefly, with the usua] problems 
involved in the determination of the axial stresses, 
under different methods of loading, fixed or moving, 





is treated very fully, followed by the detailed 
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of some typical framed structures. The elastic 
deformation of frames, both simple and: indeter- 
minate, and of sundry arrangements occurring in 
praciice, is examined‘at length by various methods. 
A short chapter is devoted to the members of frames, 
to’ riveted: connections, and details occurring in 
building structures, followed by the consideration 
of plate’ girders and bridges, the process of design 
being carried through by application to particular 
cases. More difficult structures—suspension bridges 
and metal arches—are treated in a chapter of some 
length. Suspension spans with three and two- 
hinged stiffening girders are here examined, and 
metal arches, three-hinged, two-hinged, and fixed- 
ended. The last chapter deals with miscellaneous 
problems in earth pressures, foundations and 
masonry structures. As an appendix there are 
sundry useful tables. 

The above somewhat catalogic statement will give 
a fair idea only of the matters included in this work, | U 
but is not by itself sufficient to convey a good idea 
of its qualities. 

The treatment of elasticities and working stresses 
is unusually complete and well stated, a good feature, 
as 80 much is involved in a right understanding of 
these. Moments of inertia of sections (plane areas) 
are dealt with at considerable length by a variety of 
methods. Those engaged in design will know the 
time-consuming nature of these computations im 
cases of irregular profile, and will appreciate the 
advantages of ready means of achieving the desired 
results. Stresses, deflections and elasticity of 
beams are studied with equal thoroughness. 

The examination of columns is carried nd 
the point commonly reached in text-books, including 
the case of excentric load effects, considered with 
quite unusual completeness. 

The effects of lateral loading and of bending 
couples on stanchions are also closely considered. 
The treatment of stresses in the bracing of a 
latticed column appears, however, open to question. 
The method is that commonly, but not invariably 
given, and appears to be consistent with such 
stresses as may be developed in latticing at the 
moment of collapse, by crippling, of a free-ended 
strut, at its centre. Stresses in lattices so found 
may give sections which, when the column is more 
moderately stressed and flexes to the elastic curve, 
will result in relative overstress of the diagonals, 
the margin of safety in lattices and column body 
being then widely different. Kunz, in a work 
recently reviewed in these columns, states the 
case, as it is believed, correctly. 

The treatment of moving load stresses in frames 
calls for no other remark than that it appears to 
meet the requirements of d The matter 
relating to cases statically indeterminate will well 
repay study—here, again, the thoroughness of the 
author, which is noticeable throughout the book, 
may be remarked upon. 

The consideration of suspension bridges and arches 
will be valued by those interested in this class of 
structure. In this country the engineer is but 
seldom called upon to deal with them, and usually 
the subject is but lightly touched upon in works 
of the kind, the more difficult problems arising with 
‘such structures not being examined at any length. 
Professor Morley, however, gives more than a scant 
attention to questions of difficulty. This 
work is of the greater value in that the cases taken 
for consideration are cases of difficulty such as occur 
in actual design, so that it will be found useful not 
to the student alone, but to the ineer. 
The methods are largely analytical, and for full 
understanding demand, as to much of the matter, 
quite a respectable mathematical knowledge. 

pear ir methods are, however, freely given where 
ble, indeed choice of method may be said to 
be a special feature of this work, as in troublesome 
cases, any particular process does not appeal with 
equal force to all. Commonly, it may be said, any 
work of calculation is most to be relied upon when 
developed by that process which is best understood 
by the worker, so that this choice of method is a 
distinct advantage. 

Demonstrations are, as might be expected, 
commonly given, or the cases dealt with so well 

that‘no formal demonstration is needed. 


are, a8 arule, referred to their originators, a desirable 

feature. To have these stated, with due 

acknowledgment, helps the reader to appreciate the 
of knowledge in such matters. 

A number of well-chosen examples are worked 
through, and many exercises given to which the 
student may a himeelf, results being appended 
by which Le ctntat hie-wecke ™ 

As is to be expected from the publishers, the 
letterpress and mathematical matter is clear and 
well displayed. 
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THE LATE SIR BOVERTON REDWOOD, 
BART. 


A Few days of illness, heart failure following 
diphtheria last Wednesday, put an end to the long, 
active and successful life of Sir Boverton Redwood, 
who for many years and up to the last exercised a very 
prominent influence in the petroleum industry of this 
country, both commercially and technically. Born in 
London in April, 1846, a son of Mr. Theophilus Red- 
wood, Professor of Chemistry to the Pharmaceutical 
Society, Boverton Redwood was educated at University 
College School, London, and turned to analytical 
chemistry. Petroleum was discovered in Pennsylvania 
while he was a boy. In 1869 he became secretary to 
the Petroleum Prom sig and that appointment was 
decisive for his career. When the poe -American (Oi! 
Company was established in this rohan Mr. Redwood 
accep’ the appointment of chief analyst for the 
imported oils of the Standard Oil Company. He had 
meanwhile, since the early ‘seventies, been associated 
with Sir Frederick Abel in researches on the flash- -point 
of oils, and he stood up for the low flash-point of 
73 deg. F. until legislation raised that point after a 
long-contested inquiry. Redwood also took up the 
ae of oil generally ; the Redwood discosimeter is 

he standard instrument of this country. In the 
ve 1885 to 1886 he was able to make, in conjunction 
with Sir Vivian Magendie, then chief inspector of 
explosives, extensive tours to study petroleum and its 
uses in Europe and America. Other long official and 
private journeys followed, and the manifold official 
tasks with which he was entrusted gave him most 


ivre | exceptional opportunities to acquire a thorough 


knowledge of petroleum and its technology and 
industry. Early in the nineties he was sent to the 
Suez Canal with respect to the transport of oil through 
the Canal. He was well acquainted with the oil 
refineries of the world. He was technical adviser to 
the Admiralty, the Home Office, the Port of London, 
and the Corporation of London. The outbreak of the 
war brought him in direct connection with other 
Government departments. Having been a member 
of the Royal Commission on Oil Fuel for the Navy 
since 1912, he joined the Petroleum Supplies Branch 
of the Ministry of Munitions in 1917; later he became 
Director of Technical Investigation on the Petroleum 
Executive, of which Mr. Long was chairman. As such 
he had to deal with problems of petroleum production 
and research, and in particular with the develop - 

ment of British oil and oil fuels. At the same time he 
was chairman of the Gas Traction Committee. Many 
of these problems were, so far as publicity was desirable, 

discussed in the Institution of Petroleum Technologists, 
in whose foundation Sir Boverton had a | share, 
and whose first president he was for the period 1914 to 
1916. He took a very active part in the proceedings 
of this body, and when he spoke there for the last time 
a few weeks ago, he looked quite as hale as many of the 
younger men nt. He also interested himself in 
the study of petroleum technology at the University 
at Birmingham and in the Imperial College of Science. 
His well-known treatise on ‘‘ Petroleum ” came out in 
1896, and saw its third edition in 1913, having swollen 
to three volumes. The “ Handbook on Petroleum ”’ 
was the joint work of himself and of Captain J. H. 
Thomson ; this book was compiled for the use of in- 
spectors under the Petroleum Act. 

Sir Boverton was created a knight in 1905, and a 
baronetcy was conferred upon him in 1911. The title 
gg to his grandson, his only son having predeceased 

im. Sir Boverton was a Fellow of the itute of 
Chemistry, and sat for several years before 1917 on the 
Council of the Chemical Society ; he was also a Fellow 
of the Royal Society of Edinburgh. His D.Sc. degree 
was honorary, and bestowed by the University of Ohio. 
Arrangements for the funeral had not been made at 
the time of our going to press. 





NATIONAL ILLUMINATION CommMITTEE oF GREAT 
Brirain.—In view of the imminent resumption of 
international co-operation in the study of questions 
connected with the art of illumination and the sciences re- 
lated thereto, a meeting of the National Illumination Com- 
mittee of Great Britain was held on Tuesday, May 27, at 
the Institution of Civil Engineers, when vacancies in the 
executive of the comm'ttee, due to the decease of Mr. W. 
Duddell, F.R.S., and Professor Silvanus P. Thompson, 
F.R.S8., were filled. The executive, with the Institutions 
nted, is wg hairman, Mr. A. P. 


(Iiluminati ineering Society); vice- 
chairman, Mr. John oat nstitute of Gas eers) ; 
and Mr., Kenelm aeenake (Institute of Electrical 
Engineers); hon. , Mr. Haydn T. Harrison 


(Institute of Electrical ngineers); hon. treasurer, 
Mr. W. J. A. Butterfield (Institute of Gas. Engineers) ; 
representatives of the Executive Committee of the 
International Commission on Illumination, Dr. Harold G. 
Colman (Institute of Gas Engineers) and Mr. Leon Gaster, 
(Iluminating ineering Society). The resumption 
of research work, ., was considered, and a mme 
for further d jon at a ting at an ly date was 
settled. 
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THE INSTITUTION OF GAS ENGINEERS. 
(Continued from page 700.) 

WE left off our report of the proceedings of the 
annual general meeting of the institution of Gas 
Engineers last week with the message from the Con- 
troller of Coal Mines on the necessity for continuing 
the exercise of economy in the use of coal. 

Several members having expressed their views on 
the subject, the following resolution was passed: 
‘‘ That the members of the Institution of Gas Engineers 
view with much alarm the possible withdrawal of the 
Calorific Standards Order, and request the Council 
to make the strongest ible representations to the 
Coal Controller and the ident of the Board of Trade 
as to the present position in regard to stocks of coal, 
and the serious effect on the supply of coal if the Order 
be withdrawn.” 

The next business brought before the meeting was 
the annual report of the council, and accounts, the 
adoption of which was moved by the president, and 
agreed to. r some statistics of membership, 
reference was made in it to the reports of the Gas 
Investigation, Refractory Materials, and Life of Gas 
Meters Research Committees, respectively, which had 
been presented and discussed at meetings of the 
Institution in June and October last. Representation 
on the newly-constituted National Gas Council had 
been arranged. In regard to the Institution Gas 
Research Fellowship, tenable at Leeds University, 
which had been in abeyance during the war, it was 
stated that it had been revived by the appointment to 
it of Mr. Thomas Hanby, B.Sc., who was engaged, 
under the direction of Professor Cobb, on an investiga- 
tion on the decomposition of benzene and toluene, 
and its bearing on carbonisation. The annual amount 
payable in connection with the Fellowship had been 
increased to 2001. 

The report gave the names of the representatives 
of the District Associations for the year 1918-19, 
affliated with the Institution, and called attention 
to the alteration announced by the City and Guilds of 
London Institute with respect to its examinations. 
Under an arrangement made with the Board of 
Education the Institute had agreed gradually to 
abandon in England and Wales all examinations 
lower than the final, with few specified exceptions. 
Mr. 8. Glover and Mr. W. Hole had consented to 
continue as examiners in Gas Engineering and Gas 
Supply, respectively, for another year. Mr. R. Halkett 
had resigned as examiner in Gas Fitting, and had been 
succeeded by Mr. H. Kendrick. The Council of the 
Institution had under consideration the question of 
methods of education and examinations. They had 
issued a further number of certificates to gas fitters, 
bringing the number up to 329. The report of the work 
of the Demobilisation Committee followed. Subse- 
quent to the signing of the armistice its labours had 
been lightened by the formation of the Demobilisation, 
&c., Department of the Ministry of Labour, and its 
various branches, with which the committee had acted 
in conjunction whenever possible. The committee 
were of opinion that the gas industry generally is 
quick to respond to the claims of the ex-service man, 
particularly in regard to reinstatements, although 
cases occasionally arose—happily rare—in which the 
committee considered that something less than justice 
had been done. Allusion was made to the part taken 
by the Institution, with a number of other engineering 
and allied societies, in the movement for the amend- 
ment of the patent law. A deputation had com- 
municated to the Board of Trade the following recom- 
mendations with a view to influencing the drafti 
of a new Bill, the Patent and Designs Bill of 1917 
having been withdrawn: (1) A moratorium for patents 
adversely affected by the war; (2) the importance of 
protecting inventions relating to food, medicinal, 
and surgical products ; (3) the importance of product 
claims to chemical and other industries; (4) the 
extension of (a) the terms of patents, (b) the period of 
provisional protection, (c) the period of acceptance of 
the complete specification ; (5) the reduction of patent 
fees ; (6) the protection of patentees in relation to the 
utilisation of their “ patents ” by the State ; (7) limita- 
tion of provision for revoking patents ; (8) safeguarding 
patents of addition ; (9) the need for a special tribunal 
to deal with patent cases. 

The council had adopted a report to the president 
on “ Coal Conservation and the Coal Gas and Electrical 
Supply Industries of the United Kingdom,” prepared 
by Sir Dugald Clerk, Professor Arthur Smithells and 
Professor John W. Cobb. It had been forwarded to 
the National Gas Council to be brought, with supple- 
mentary matter, before the Government and Ministry 
of Reconstruction, as representing the considered views 
of the gas industry on this important matter. A 
covering letter from the Institution accompan this 
report contained the following: “In view the 
claims put forward by the electrical industry for the 
saving of coal by the general use of electricity for the 


ing} but will encourage them. The most direct line of 





purposes of furnishing light, heat, and power to the 
community, the Comet ot the Institution consider it 
of the first importance that the comparison of facts 
stated in the report, incontrovertibly proving as they 
do the immensely superior advantage pertaining to the 
manufacture and distribution of gas, should without 
delay be placed in the possession of the authorities 
deputed to deal with the subject of coal conservation. 
It will be seen that the claims put forward on behalf 
of gas are argued in this report on the lowest possible 
basis of thermal efficiency, viz., on the basis of the 
thermal economy of the gas exclusively, all the loss 
in carbonising being debited against the gas, no 
portion being placed to the debit of the coke and tar 
products; the result being that the comparative 
economy of gas production is based on a thermal 
efficiency of 45 per cent., instead of the greater 
efficiency of 75 per cent. which might have been fairly 
claimed as the thermal result of the whole process. 
Little stress has been laid u the home production 
of by-products in the tar, or of the sulphate of ammonia, 
both of which are essential to the country’s needs, 
either during peace or in time of war. e same 
observation applies to the coke produced in carbonisa- 
tion.” 

Other parts of the council’s report had reference 
to the work done during the past year by the Gas 
Investigation Committee, the Refractory Materials 
Research Committee, and the Life of Gas Meters 
Research Committee. It was stated that good pro- 
gress was now being made by each committee, additional 
research workers having been secured. 

The Institution had become a constituent body of 
the Federal Council for pure and applied chemistry, 
Dr. H. G. Colman acting as its representative. The 
objects of this council are to advance, safeguard and 
voice the interests of chemical science. On the British 
Association Fuel Economy Committee the Institution 
is represented by Mr. D. H. Helps. Arrangements 
had been made for participating in the James Watt 
centenary celebration to be held at Birmingham. 
The council’s report concluded with a statement in 
regard to the Waterways Association, in which the 
Institution continues its interest. The association had 
watched the trend of transport questions, and was 
more strongly convinced than ever that the improve- 
ments of the canals of the country, so as to bring 
them up to modern requirements, fitted for mechanical 
haulage and larger boats, will tend greatly to solve the 
transport problem. The position at the moment is 
that the operations of manufacturers everywhere are 
held up and delayed by the chronic congestion on the 
railways, which entirely fail to cope with the present 
traffic. 

The second report of the Gas Investigation Com- 
mittee was then considered, Professor Smithells, 
chairman of the Research Sub-Committee introducing 
it. At the opening of the report, after citing the 
personnel of the sub-committee (representatives of the 
University of Leeds and of the Institution) and referring 
to the preliminary report, it was pointed out that the 
importance of coal conservation is receiving general 
recognition, and although the gas industry stands 
in a particularly strong position with respect to it 
(since the thermal efficiency of the carbonisation 
process is from 70 per cent. to 80 per cent.), no oppor- 
tunity of further possible economy should be missed. 
The calling into council by the Board of Trade of 
Sir George Beilby and the Fuel Research Board should 
ensure that any new legal standards adopted for 
public gas supply will not stand in the way of develop- 
ments which tend to the further conservation of fuel, 


rogress for the gas industry is to secure a higher 
2 sooretin of the Treat of ‘lie coal in the gas, because 
no other form of fuel is capable of the same high degree 
of efficiency in all-round use. Gasification of the coke 
as water gas inside the retort or in separate generators 
is a ped. = means to this end. If blue water-gas is 
made separately no more is demanded than an 
extension of what is already SS in many gas 
works, with the modification, which is really a simplifi- 
cation, that carburetting is not essential. If water 
gas is made in the retort by steaming, the process is 
one which has already been worked to some extent, 
but is not general practice. It has possibilities outside 
the interaction of steam and carbon to form water gee, 
since the influence of an ascending gas on the descending 
charge and its products of decomposition in the retort 
is undoubtedly of importance in other ways as affecting 
the quantity and quality of all those volatile products, 
including motor spirit, fuel oil, and ammonia. Gases 
other than steam have also to be considered in this 
connection. 
The committee had, therefore, welcomed the oppor- 
tunity afforded by Mr. Lawrence Hislop and the 
Uddingston Gas Company in placing their installation 


of continuous vertical retorts at their disposal for the 
purpose of investigating the mode of manufacture 
just described, which Mr. Hislop has been practising 


utilisation of the p 


process, as sooviien ¢ the 
basen of the total heat en 





therefore, of prim 
on the gas at Dadi 
lower calorific value than that in common use to-day. 
in order to determine whether such gas, when made, 
was satisfac and economical in use. Mr. James W. 
Wood, researc 
tests on the gas were made for both hig 
tem 
was taken as the appliance with most stringent require- 
ments for high-temperature domestic use, and the ring 
burner as representative for low-temperature use. The 
results indicated that gas of the 
Uddi 
gross per cubic foot) could be used with a good efficiency 
in both low and high-temperature appliances, when 
the simplest possible modification of the burners tested 
was made by enlarging their nipple orifices. 


















































work at Birmingham last % 
tests was made by steaming continuous vertical retorts, 
and was washed for benzole recovery before testing. 
Such gas has been regularly distributed in the district 
of Uddingston and represents a yield of 30,000 cub. ft. 
per ton of Lanarkshire coal carbonised. Throughout 
the tests the composition and calorific value of the gas 
have been steady (385 British thermal units to 394 
British thermal units gross per cubic foot). 


Dt. Parker, as research chemist, 


poor the Saingsten works at the beginning of 
to ti t 
wen e} Tay b. 6 


February, and hrough the ordinary 
preparatory work since that time, and 

tests. The results are expected to provide definite 
and quantitative information on the working of this 
development of gas practice—a thermal and chemical 
balance-sheet of the process—of a kind which should 


prove of a high degree of usefulness, and of a complete- 


ness which has hitherto been lacking. It is plain, 
however, that the efficiency of this or any other process 
of production is dependent upon the efficiency of 
ilisati uct. The position with reference 
ess or to the blue water gas 

possibility of increasing the 
of the coal carried 
e gas, is that in either case the calorific power of 

the gas per cubic foot will be diminished. It was, 
importance to make direct tests 
ngston, deliberately made of a 


to the 


chemist, went to Uddingston, and 
and low- 
ture uses. The incandescent mantle burner 


grade tested at 
(approximately 400 British thermal units 


Details, with tables and curves, of the tests were 
iven at length, the apparatus and methods of working 
ing as described in the committee's first report of the 
The gas used in the 


The summary of the experiments with ring burners 


showed that : (1) Those-designed for gas of 500 British 
thermal units gross per cubic foot and upwards give 
trouble with lighting back and with inabilities to 
deliver heat units at a satisfactory rate when used 
with Cm of 400 British thermal units gross as supplied 
at U 

by the simple process of opening out the nipple orifices 
to a suitable size and a 

burners above the normal are not required to work 
them satisfactorily, and lower 
missible; (3) this gas of 400 British thormal units 
gave as good a thermal efficiency as any other grade 
with which the committee ex 
with a suitable modification of the burner, which can 
easily be made; (4) it follows that the gas of lower 
calorific value is not so good foot for foot as gas of a 
higher calorific value, but that the value in this use 
of different gases is directly proportional to the 


dingston, but both difficulties can be overcome 


ape; (2) pressures at the 


pressures are per- 


rimented, when used 


tential heat units they carry; (5) it would a 


Som comparison of the Birmingham and Uddingston 
results that 
and mode of combustion of this Uddingston gas, a 
given burner may be worked at rather a greater 
thermal unit rate on the gas of lower calorific value, 
than on the higher, without loss of efficiency; the 
flames are rather shorter and do not smother so readily ; 
(6) there are no unusual difficulties in manipulating 
burners with this gas, and the larger nipple orifices 
and less sensitive injectors required should reduce 
troubles connected with corrosion, stoppages, and 
— ry adjustments. These results obtained with, 
and re 
applicable to all other burners for low-temperature 
use in which the same principles of construction are 
adopted. 


robably on account of the composition 
ritish 


rted for, ring burners are obviously directly 


Tests were carried out with low-pressure incandescent 


upright burners which showed that if burners correctly 
designed for gases of 500 British thermal unite per 
cubic foot and wu 


enlargement of the nipple orifices they can be used 


wards are simply modified by the 
without difficulty at ures under twenty-tenths for 
this of 400 British thermal units, but if such 
m ion is not made it is impossible to deliver the 
necessary number of British thermal units without 
excessive , while trouble ensues with aeration 
and back. With the modified burners no 


un manipulative troubles are encountered. With 
the “‘C”’ size mantle a perfectly a, light of some 
70 c.p. to 75 o.p. is readily obtainable. was 


obtainedYat a gas consumption of 6 cub. ft. to 6-5 
hour with a t al efficiency of about 


cub. ft. 
20-British | thermal units net per candle-hour; with 
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one burner a much higher candle-power (153) was 
obtained with a thermal efficiency of 27-4 British 
thermal units net per candle-hour. Inverted incandes- 
cent burner tests were also carried out with a number of 
typical burners, the gas employed being very similar to 
that used for the ring burner and upright burner tests. 

The relative efficiencies in use of different grades 
of gas (continued from the committee’s first report) 
was dealt with in the next section. In it results were 
given of tests carried out using mixtures of coal gas 
and blue water-gas in different proportions, two large 
experimental gasholders being available, one filled 
with coal gas and the other with blue water-gas. Tests 
were carried out upon the coal gas, which was then 
diluted with blue water-gas from the other holder. 
After tests upon this mixture, the residual gas was still 
further diluted, and so on. As before, the burner was 
tested upon a 60-in. bar photometer, the illuminating 
power being measured in a horizontal direction through 
the centre of the mantle—i.e., the maximum illuminat- 
ing power. A number of curves and tables were given 
recording the results obtained, and the conclusion 
was expressed that it is plain that completely satis- 
factory comparison of the different gases can only 
be made when each is permitted to exercise its maximum 
duty in an appliance properly adapted to its use. 
The results of the experiments at Uddingston form 
an instructive commentary on this factor in the 
situation, indicating as they do, the extent of the 
benefits resulting from a simple enlargement of the 
nipple orifice on the one hand and a careful choice 
of burner on the other. 

A discussion of the report followed. Professor Cobb, 
in the course of a sketch of the work of the committee, 
said he never appreciated personally until recently 
how peculiarly justified was the insistence upon the 
utmost care in the design and construction of appliances 
when the use of gas of very high calorific value was in 
question. With reference to inerts he desired to make 
a statement of facts that had only that morning been 
placed in his hands from quite recent experiments by 
Mr. J. W. Wood: If a straight coal gas of, say, 625 
British thermal units gross per cubic foot is diluted 
with an inert constituent, nitrogen, until the calorific 
value is reduced by stages to 450 British thermal units 
gross, the mixtures so obtained show no differences of 
any practical importance as regards either attainable 
candle-power or thermal efficiency, provided that the 
heat units are delivered at the same rate. 

Mr. Wood, the research chemist, followed with some 
observations, in which he stated that the burners used 
in the lighting tests were all selected as being in 
common use in the Uddingston district. Certain 
defects were noted, as the calorific value was reduced, 
but it was obvious that several of them, such as high 
pressures required and aeration troubles might be 
eliminated by very simple means. 

Mr. Jacques Abady suggested that one of the tables 
of the report should be withdrawn as it seemed to show 
that it required more British thermal units to produce 
a candle-power as the calorific power dropped, and 
that of course was wrong. Professor Cobb replied that 
he believed the real answer to Mr. Abady was to be 
found in the substance of the report itself; and 
Dr. W. B. Davidson thought Mr. Abady’s suggestion 
an unworthy one. Dr. Davidson expressed the 
opinion that the table in question represented the 
truth and the facts. He contended that one British 
thermal unit was not as good as another, and that it 
depended on the composition of the gas. 

Mr. Leon Gaster thanked the committee for their 
work, and pointed out that if proper appliances were 
made to suit gas, and if consumers were made to 
understand the advisability of adopting those appli- 
ances, then competition with electricity would be on 
a fair basis. 

Mr. Tim Duxbury described what had been done 
at Oldham, where they had been experimenting for 
eighteen months on various grades of gas. He assured 
the meeting that with the present quality of 410 British 
thermal units to 420 British thermal units every 
satisfaction was being given in lighting, heating and 
cooking. 

Captain Strange, member of the American Gas 
Association, remarked that Mr. F. C. Jones, chemist 
to the San Francisco Gas Company, some ago 
brought to the attention of the association the rather 
remarkable coincidence that in a cubic foot of self- 
combustible mixture there was exactly 100 British 
thermal units, irrespective of whether the gas that was 
used contained originally 1,000 British thermal units 
or down to 320 British thermal units per cubic foot. 
That held good from 1,000 British thermal units, 
roughly, down to about 320 British thermal units. 
As to the co-operation of the appliance manufacturer 
and gas engineer, in the United States there was a very 


intimate co-operation. The public should know the 
important work the gas industry had done during the 
He was a thorough believer in the fairness of 


war. 
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Norz.—In the diagrams the figures plotted for tin and co; are the official closing cash quotations of the 
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The prices shown for lead are for English metal, whilst those for spelter are for American metal. 
The prices are per ton. The price of tin-plates is per box of LC. cokes free on board at Welsh ports. Each 
Po represents a market-day, and the horizontal lines represent 11. each, except in the 

the diagram ting to tin-plates, where they represent ls. each. 
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what gas engineers were trying to do for their benefit 
he was sure the public’s hearty support would be given 
them. 

Mr. W. W. Townsend, of Colchester, suggested 
that the committee should revise its first report in the 
light of the second one. Mr. J. Kelly, of Bridlington, 
made reference to the report of the Fuel Research 
Board received by the Board of Trade. He thought it 
was of importance that it should go forth now that 
it would be very inadvisable to restrict the industry to 
12 per cent. or any other percentage of inerts. 

Professor Smithells, replying to the discussion, said 
the committee were always delighted to receive 
criticism. As to Mr. Townsend’s suggestion for 
revision he pointed out that practical men who were 
investigating the subject on the committee had felt 
the right thing to do in the first steps of the investiga- 
tion was to work with the appliances as the consumer 
had them, as the consumer was unable to alter them. 
When the time came to put before the public the 
complete summary of the work which had been carried 
out by the committee he hoped the order in which the 
committee would state its results would be such as to 
satisfy all sections of the gas industry. They were 
out to make inquiries regarding the efficiency of gas, 
and the efficiency in manufacture and use. It was 
inevitable that in the recording of the committee’s 
progress there would be facts set down which would be 
understated, if what the committee had in mind was 
merely to show gas at its best, and it was equally true 
that there must be a good deal omitted that could be put 
in if the purpose was to advertise gas. He had not 
the least fear that, either by an unfavourable order 
of procedure, such as had been thought to be the case 
by Mr. Townsend, or by information included in or 
omitted from the report, the industry would suffer 





human beings, and if the public thoroughly understood 


any damage in the end. 





The proceedings of the first day were then brought 
to a close by the scrutineers’ report of the election. 
Sir Dugald Clerk, K.B.E., D.Sc., was elected president, 
and 46 names were added to the roll of membership. 
Sir Dugald suitably acknowledged the honour which 
had been conferred on him. 


(To be continued.) 





Mica.—In reference to the Mica Control Order, 1918, 
dated April 15, 1918, the Minister of Munitions has 
ordered that the operation of the said Order is suspended 
on and after May 30, 1919, until further notice. Such 
suspension shall not affect the previous operation of 
the said Order or the validity of any action taken there- 
under or the liability to any penalty or punishment in 
respect of any contravention or failure to comply with the 
said Order prior to such suspension or any proceeding or 
remedy in respect of such penalty or punishment. The 
new Order may be cited as “The Mica Control 
(Suspension) Order, 1919.” 





Tractors IN THE UNITED States.—A production of 
314,936 tractors in the United States in 1919 is estimated 
by manufacturers reporting to the office of Farm Equip- 
ment Control, United States Department of Agriculture, 
says The Board of Trade Journal. The reports obtained 
in a special inquiry by the department show a production 
of 132,697 tractors in 1918. The figures for 1919, of 
course, are merely estimates, and represent the aggregate 
of the estimates submitted by the tractor manufacturers 
in January and February of this year. The following 
are the numbers of tractors of different horse-power 
which manufacturers estimate will be produced in 
1919 :—Makers’ rating, belt horse-power: 9 h.p. 
10 h.p. and 12 h.p., 8,220; 16 h.p. and 18 h.p., 48,545; 
20 h.p. and 22 h.p., 157,671; 24 h.p. and 25 h.p., 40,875 : 
27 h.p., 28 h.p., 30 h.p. and 32 h.p., 27,465 ; 35 h.p. and 
36 h.p., 5,435; 40 h.p., 45 h.p. and 50 h.p., 1,780; 
60 h.p., 65 h.p., 70 h.p.. 75 h.p. and 80 h.p., 1,536 ; 
not given, 23,409. 
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LARGE ELECTRIC STEEL-MELTING 
FURNACES.* 


By Vioror STosie. 


Scope of Paper.—The early history and development 
of electric furnaces are a matter of general knowledge, 
and are not dealt with in this paper. 

The sauthor’s cial and t 1 experience 
with small and large electric arc steel-melting furnaces 
has led him to favour the latter for ingot making on 
account of the more advan us costs and conditions 
of working of large units. The smaller furnaces have 
a very large field in foundry work. Observations will 
be confined mainly to the technical requirements of 
large plant and to some interesting phenomena on all 
furnaces. 

Wiring Diagrams and Shapes of Furnaces.—The wiring 
diagrams (Figs. 1, 2, and 3) give what the author con- 


yO 





arc proper is the source but not the only point of heat- 
ing of the furnace charge. A flame of carbonaceous 
gas, measuring in - furnaces as much as 2 ft. long, 
travels over the bath from each electrode. This flame is 
quite the hottest flame in commercial use and has great 
influence on the distribution of heat in the furnace. It 
is this flame which, by immediately travelling upwards 
in some designs of furnaces, causes therein excessivel 
quick burning away of the roof and door arches. It will 
rapidly flux the banks of the furnace if allowed to im- 
pi thereon. 

xperiments were made at the Stobie Steelworks 
at Dunston-on-Tyne, near Newcastle, to obtain data 


as to the cause and effect of the direction of travel of | and 


the flame from the electrode. 

Some control was obtained over the direction of 
the flame by alterations in the direction of rotati 
of the magnetic field of the supply currents. A certain 
h of direction of the flame resulted also from 








siders to be the best connections for three sizes of 
furnaces :— 

Fig. 1 is for furnaces up to 6 tons’ capacity: two- 
phase current, each phase maintained entirely separate 
from the other, with one end of each phase connected 
to separate electrodes above the bath and the other 
end of each phase connected to separate electrodes 
embedded in the hearth of the furnace at opposite 
ends of the furnace to their relative top electrodes. 
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This arrangement gives exactly the requisite bottom 
heating for small furnaces and is characterised by the 
crossing of the currents in the direction of flow through 
the bath. 

Fig. 2 is for furnaces from 6 tons’ up to 24 tons’ 
capacity: two-phase current, each phase maintained 
entirely separate from the other, with each end of 
each phase terminating in an electrode above the bath. 
Long experience has shown that bottom electrodes, 
whilst essential in small furnaces, are very undesirable 
i n large furnaces. 

Fig. 3 is for furnaces above 24 tons’ capacity : three- 

hase current, each phase maintained entirely separate 

m the others, with each end of each phase termin- 
ating in an electrode above the bath. 

The most favourable shapes for tilting electric furnaces 
would appear to be :— 

Up to 6 tons: Rectangular in plan and in elevation 
with a curved bottom. 

From 7 to 24 tons : Octagonal in plan. 

Above 24 tons: Octagonal with lengthened back and 
front walls. 

Stationary furnaces should always be rectangular. 

The above shapes ensure the most convenient position 
for the electrodes in the furnace and help to keep the 
furnace walls at the average greatest distance from the 
electrodes, as illustrated in Figs. 4 to 6. It is most 
essential that electrodes should be in the positions 
shown and not opposite to doors, in order to avoid the 
breaking of electrodes when material is thrown into the 
furnaces. 

‘ + 5-ton Stobie electric steel-melting furnace is shown 
in Fig. 7. 

Are Phenomena.—The arc phenomena ina steel-melting 
electric furnace are very important and interesting. 
arc proper jumps between the bath and whichever portion 
of the electrode is nearest to the bath. As this point is 
always changing, the arc travels irregularly round and 
under the lower extremity of the electrode, and is seldom 
at more than one point of the electrode at a time. The 





* Paper read at a joint meeting of the Institution of 
Electrical Engineers and the Iron and Steel Institute, on 


varying the phase reaching each electrode. The extent 
of the control over the flame was sufficient to make a 
decided change in the speed of wong @ furnace 
and in the wear and tear of the lining. Unfortunately, 
no definite rule for guidance can be laid down at present, 
as the matter further depends upon the position of 
the flames in relation to each other, and, possibly, the 





—— fields external to the melting chamber. 
xpe 





riments on the blowing of the arc flames in 
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able number of transformers attached to early furnaces 
gave trouble. The stresses which the transformers have 
to resist are of an exceedingly heavy order. The t 
has to withstand occasional short-cirouiting thro the 
furnace and, perhaps once or more in its life, the 
uivalent of almost a dead short-circuit. It has to 
ow frequent breaking of the circuits under heavy 
overload and, should the furnace hands be careless and 
the plant be unprovided with proper protective devices, 
of occasional switching direct on to overload. 
The requirements in the design of the transformers 
are :— . 
(1) That the current density of both the low-tension 
extra-mgh-tension windings shall be low 
te prevent the inevitable overloads from unduly heating 
up and deteriorating the insulation. 
(2) The ventilating channels in the windings must 
be specially well considered so as to provide low resistance 
ths for the cooling oil without excessive magnetic 


(3) That windings shall be braced on all sides. 

(4) The low-tension windings shall be taped with such 
material as empire tape, in addition to press-spahn or 
similar stiff insulation. 

(5) All clamps, no matter how small they may be, 
lhould be hored to the transformer frame work. — 





(6) The whole of the apparatus must be as unyi 
to magnetic stresses as mechanical skill 


can © it. 
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furnaces by strong external continuous magnetic fields 
were then made in order to eliminate the uncertaint: 
of coincidence of the revolving magnetic fields with 
some of the arcs in the polyphase systems of electric 
furnaces. Powerful lifting Secton ets were used 
for this purpose. Again, the many other factors exist- 
ing within the arcing zones prevented any definite 
rule from being framed ; but by a careful disposition of 
the electrodes and cables in an installation so as to cause 
the magnetic fields coincident with certain arcs to blow 
the arcs in a desired direction, a most important increase 
in speed of melting and reduction in wear and tear of 
furnace lining are undoubtedly obtained. 

In some types of electric furnaces arcs are maintained 
between adjacent electrodes and not between electrodes 
and bath. In such furnaces the y of inter- 
repulsion of arc flames is utilised in order to fan the 
flames over the material to be melted, whilst much 
of the heat energy in the circuit, viz., that in the arcs 
proper, travels only between the electrodes. This is 
the cause of the current consumed per ton of steel melted 
being high in such furnaces. 

It was once believed that the great heat (circa 
3,600 deg. C.) of the arcs in an electric furnace would have 
a detrimental effect on the steel. More recent ex- 
perience teaches us that, so long as a steel is f' ly 
deoxidised before casting, only the temperature of cast- 
~~ of moment. 

ransformers.—One might, with reason, say that the 
heart of the electrical equipment of an electric 
installation is the wandietnding apparatus. Either 
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through poor construction or short capacity a consider- 


re a | 


(7) As much as ible of the total react q 
in the whole of the furnace installation should be in- 
ted in the transformers. 
very few years ago furnace transformers were built 
uw ve ifferent lines from the above. In the = 
1915 the author first specified the taping of the - 
tension winding of furnace transformers and the anchor- 
ing of all clamps, the reason for these requests 
that several transformers had broken down t 
the meeting of two lengths of low-tension copper 
the windings, and that the shri of wood com 
Ugneening be iran Soop enealll -circui 
tig ts narro short-ci i 
the low-tension windings. The above practice has aot 
become general for furnace transformers. 
As a result of observations of the breakdown of some 
furnace oo the b of all sides of the 
of tr ormers was ified by the author 
niet and a shell t of Spender embodyi 
that feature was desi in collaboration with a well- 
known transformer design 


rm. The has now been 
standardised also for large power transformers. 


It is usual to have several pings brought out 
from the high-tension windings 4“ tae Gealiectenmn, 





as the vol on a furnace during ye 

is always than when finishing a heat. All 

tappings should be brought away from the central 

portions of the winding, the complete high-tension 

winding being divided into two at the mid-point and the 

tappings yy . across the mid-point to cut out equal 
of eac’ 


age half of the windings when required. 
y taking the tappings out in this way, the insulation 
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of the end turns of the high-tension windings can be 
suitably reinforced to withstand any abnormal voltage 
stress on switching in the transformers. 

On the ical side, useful results have been ob- 
tained at Stobie Steelworks by limiting the current 
density in transformer windi to 1,250 am per 
square inch, the induction in the iron to about 12,000 
C.G.8. lines, and the temperature rise on continuous 
full-load to 45 deg. C., measured by the increase in 
resistance. In dition to pressure-testing at twice 
the working voltage, an over-potential test at this 
double voltage is made on the high-tension side, the 

sodicit ; 


P d to keep down the magnetising 
current. The low-tension windings of large furnace 
transformers should be tested at a potential several 


times greater than normal by being connected in series, 
the low-tension coils almost invariably being designed 


for parallel working. 

Automatic Electrode R *.—A few observations 
on automatic electrode re tors from the furnace 
user’s point of view may useful. The desiderata 
in automatic regulation mechanism include sensitive- 
ness without fragility, and simply setting to limits. 
If the furnace circuits contain two arcs in series, it 
is necessary that the energy in each such two arcs 
hould be bal d, whatever current is flowing. This 
is accomplished in Stobie electric furnaces by operating 
one electrode motor by an automatic current controller 
and the other by an automatic potential controller. The 
current controller is adjusted to give the limits of current 
required and will keep its electrode at any position at 
which such desired current will flow. The potential con- 
troller is adjusted so that half the phase voltage, i.e., the 
normal vol between one electrode and the furnace 
charge, is maintained on the electrode it controls. The 
result is that the potential-regulating motor will keep its 
electrode at the same distance from the molten steel 
as the current-regulating motor keeps the other electrode, 
as at that distance the current will be normal and the 
voltage balanced. 

On some electric furnaces which the author is building 
for other steel works the balancing of two arcs in series 
is automatically controlled in a different manner. The 
current regulator is connected to one electrode as in 
the previous system, whilst the potential regulator 








connected to the other electrode is operated as follows :— | 


A shunt from each electrode to the bath is passed 
through separate solenoids placed side by side. An 
armature in the shape of a bar suspended by the middle 
hangs over the two solenoids. When the pull of one 
solenoid exceeds that of the other, one end of the bar 
is pulled down on to contacts which operate, through 
contactor switches, the electrode motor in one direction. 
When the voltage is greater on the other solenoid, 
the other end of the lever is pulled down by that solenoid 
and the electric motor is operated in the opposite 
direction. 

Power Factor.—The power factor of an electric furnace 
installation depends upon the circuit reactances and the 
power factor of the arc. 


The power factor of alternating arcs varies from | 


almost unity to lower than 0-7 in the case of arcs be- 
tween cold hard metals. In electric furnaces the power 


factor of the arcs will vary with the steadiness of the | 


arcs and the materials forming the arcing points. As 


is known, the apparent resistance of an arc varies | 
with the current passing through it, being high for a/| 
The voltage wave consequently is dis- | 


low current. 
torted and forms a sharp peak at the commencement 
and end of each half cycle, with a strongly marked 
depression between. The current wave approximately 
retains its sine shape, and a lagging power factor results 
without any phase displacement. 

The circuit reactances are divided between the 
transformers and the leads. Due to the large sizes 
of conductors used, and to the large area enclosed by 
the circuits, reactance in furnace work has a tendency 
to be very high, unless strictly controlled. At the same 


time, very low reactance would be undesirable on large | 
power systems in view of the frequent short-circuits 


through the furnace. The total impedance on short- 
circuiting through a cold charge in a furnace depends 
very much on the type and condition of the scra 
being melted, and will usually be quite high enoug 
to reduce all shocks to reasonable limits. If, however, 
a short-circuit takes place through a molten steel bath, 
the impedance will be relatively low on account of the 
good conductivity of the bath, unless a reasonable 

t of react is incorporated in the circuits. 





Such short-circuits are, fortunately, very rare in well- | 


designed furnaces. 

The total impedance at the moment of starting a 
large furnace with poor scrap sometimes reaches over 
90 per cent. With average scrap it ranges between 
40 per cent. and 60 per cent. When melting armour 
scrap or other clean heavy material it little exceeds the 
reactance. 

A 15-ton Stobie furnace givés the following power 
factors :— 


On melting $e see «+ 0-84 
When charge is half melted os «+ §=0°85 
When charge is almost melted ... ws §=0°87 
When charge is melted ... ose - 0-93 


The average (in relation to the magnitude of the 
per Vig factor over the total of units consumed 
at Stobie Steel Company’s works, including all 
motors for fitting shop, cranes, furnace auxiliaries and 
the furnaces themselves, varies between 0-86 and 0-88. 
The furnace load is about 90 per cent. of the total load, 
and the balance is taken by intermittent lightly-loaded 
low- -factor motor circuits. It can, ‘ore, be 
safely stated that such as the 10-ton, 
15-ton, and 20-ton Stobie furnaces give an average 
power factor of fully 0-88 over all units consumed. 


The author has heard it stated at various times that 
one or other particular design of furnace can be worked 
safely at almost unity power factor. Sooner or later 
one hears of the collapse of some part of such 
due almost certainly to serious current surges. Con- 
siderable experience in the designing and operating 
of electric furnaces teaches one to aim for safety before 
unnecessarily high electrical performance, and this 
rules out of consideration furnace installations with 
less than 20 per cent. impedance voltage when short- 
circuited across the electrode terminals. The author 
aims at installing plant in such a manner that on dead 
short-circuit the power factor is momentarily reduced 
to 0-4 or even 0-3. This need not mitigate against 
the excellent normal power factors already mentioned. 

Electrode Considerations.—The presence of electrodes 
in electric arc furnaces is, for the user and designer, an 
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Lowest 
Specific | tempera- | Diameter 
— Tesis- | ture of to carry 
tance per | combus- 10,000 

cm. cube. tion. amperes. 
ohm. dec. C. in. 
Amorphous electrode 0 -00332 513 12 
Graphite electrode .. 0-00114 624 20 














when considering the nn saga 5 features of large 
electric furnace installations. This point is ‘“ skin 
effect.” 

The early users of graphitic electrodes obtained their 
experience on non-ferrous furnaces using direct current. 


Fig. 8. EFFECT OF STOBIE ECONOMIZERS, COMPARED WITH ORDINARY METHODS OF 
SEALING CONTINUOUSLY-FED ELECTRODES IN ELECTRIC STEEL-MELTING FURNACES. 
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|unfortunate necessity. The function of the electrodes 


is to conduct the current into the furnace and to produce 
an arc gap in each electrical circuit, in order to localise, as 


| far as possible, the conversion of the current into heat at 
|the requisite points in the furnace. The desirable 


characteristics of an electrode are: low resistivity, 
relative incombustibility, and cheapness. No material 
combines these qualities. The nearest approach is found 
in carbon, and one has the choice between amorphous 
and graphitic carbon electrodes. The resistivity of 
the ae variety is, roughly, four times that of 
the graphitic. This enables graphitic electrodes to 
be made of smaller diameter than amorphous ones 
for equal current-carrying capacity. The following 
table gives the comparative data of sede gre of elec- 
trodes, including the diameter of elec e sufficient 
to carry, in practice, 10,000 amperes safely :— 

Graphite electrodes have not, in the author’s opinion, 
progressed among electric furnace users so well as 
they would have done had unsupportable claims not 
mn pews in their favour. carp is a matter which 
would not concern this paper but for a very important 
point, almost invariably overlooked by designers and 





| users of electric furnaces, which should be ever in mind 








* 





Telescopic Economizer. 
for Gallow's Arm Electrode Holder 


When the electrodes were introduced into steel-melting 
furnaces, which were all supplied with alternating 
current, it was found that the electrodes were much 
too hot at current densities far below the maker's re- 
commendations. The average current density in 
the main current-carrying area of an electrode in an 
alternating-current steel furnace being roughly twice 
the average current density of the whole area, due to 
skin effect, the electrode will not usefully carry as 
heavy a total current as is generally claimed. This 
same phenomenon will attain considerable importance 
in other parts of large furnace plant and lead to great 
loss of energy and materials, unless studied in detail. 

The main consumption of the electrodes in ordinary 
electric steel furnaces does not take place at the arcing 
end of the electrodes, but results from the surface 
burning of the carbon all cver those parts of the electrodes 
which are inside the melting chamber and up to a point 
about 15 in. above the roof. On looking inside most 
furnaces the electrodes will be seen to be considerably 
tapered from where they enter the roof down to the 
arcing ends. Fully 75 per cent. of the heavy expendi- 
ture on electrodes is wasted through this defect. Various 
attempts to prevent this costly waste of electrodes 
have been previously made, such as (1) enveloping 
the carbons with asbestos paste held in position by 
wire netting; (2) coating the electrodes with non- 
burning paints; (3) encircling the electrodes with 
steel collars held together by hinges or springs; (4) 
surrounding the electrodes with water-cooled cylinders 
extending well inside the furnace. All such methods 
have met with failure because, by the first method, 
the asbestos perishes quickly inside the melting chamber 
and is _opoe to apply; in (2) the non-burning 
coatings expand at all away from the non-ex- 
panding carbon electrode; in (3) the collars do not 
protect red hot electrodes from the air above the roof, 
the collars are not efficient in keeping back the flames 
but have a very short life and are expensive in upkeep ; 
and in (4) the internal jackets are most wasteful of 
heat and, further, are dangerous inside the furnace 
and very ineffective. 

It is thought by some people not acquainted with 
electric furnace practice that ape is always a reducing 
atmosphere inside electric furnaces of the older types 
in use. This is an utterly mistaken notion, which 
is proved by the ease with which the raw materials 
charged into such furnaces oxidise, even without the 
help of iron ore or other solid oxidant. 

cause of the oxidising atmosphere inside the 
older electric furnaces is the crude method of feeding 





the electrodes into the melting chamber. This is usually 
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ual to the number of electrodes which have to be 

continuously fed into the furnace; the bricks forming 
such holes sup annular water jackets which fit, 
with a small clearance, new electrodes. The heated 
gases inside the furnace continuously pass up those 
clearances between the roof and the electrodes. The 
results are manifold: it causes the clearance to be 
rapidly increased by the flames burning away the 
electrodes to a tapered point as previously explained ; 
it wastes all the heat value of the gases and flames 
which are constantly pouring out of the furnace through 
the electrode holes; it ery the duration of a 
charge in proportion to the heat lost through the roof 
holes; the escaping flames cause the electrode gear 
and current conductors over the roof to deteriorate 
rapidly; and the undue heating of the electrode ter- 
mi necessitates their being water cooled. The 
considerable effect of all this on the cost of producing 
the steel, quite apart from some loss of control there- 
from over the operations of the furnace, will be readily 
apparent. 
At first sight it may seem a simple matter to close 
up the clearance between the roof of a furnace and the 
electrodes passing through it; but the following will 
illustrate some of the difficulties. 

It has often been attempted to make the water coolers 
round the holes a sliding fit on the electrodes. To 
enable this to be done the electrode must be machined 
to size; & most ay detail when amorphous 
electrodes are used. hen the machined electrodes are 
placed in position, the parts which are inside the melting 
chamber become white hot. Every time an electrode 
is raised—a constant operation in electric steel melting— 
some white hot or bright red hot part of the electrode 
is raised into the air above the furnace roof and burns 
away at the surface to a small or great extent. Each 
such reduction in diameter of the electrode commences 
or increases the clearance between the water jacket 
and the electrode, thus only delaying for a few hours 
the state of affairs existing in furnaces which start 
with the usual large clearance round the electrode. 

The difficulty has now been successfully overcome 
in a simple way. Observations showed that at about 
2 ft. above the roof in most furnaces the electrodes, 
even when raised for charging, are seldom at a tempera- 
ture at which they can burn; therefore, that is the 
only point at which a permanently good seal can be 
made round the electrodes. If an electrode is closed 
hermetically from the roof up to that point, the burnin 
away of the electrode and the escaping of the heated 
gases from the furnace are prevented. 

In practice, a light metal cylinder a few inches larger 
in diameter than the electrode and about 2 ft. in length 
is fixed on the roof round each electrode. The top end 
of the jacket is covered with a sealing plate which 
prevents the passage of the flames, the electrode passing 
through a neatly fitting hole in the centre of such cover. 
Fig. 8 illustrates the effect of the apparatus. 

In this figure A shows a new electrode when first placed 
in an electric furnace. 

B shows the effect when the electrode has been in 
use for a few hours. The surface inside the furnace 
is burnt away by the internal atmosphere and, as the 
electrode is red hot above the roof, the electrode also 
burns away there in the free air. 

C shows the effect of raising the electrode for melting 
a fresh charge. That part of the electrode where the 
surface has m burnt away inside the furnace has 
to be raised partly above the roof. This results in 
an immediate extension of the clearance between the 
electrode and the electrode hole in the roof. The 
result is that the flames rush out of the furnace through 
the roof and rapidly burn away the electrode. 

D illustrates the usual way of sealing the electrodes. 
Ganister or similar material is thrown against the elec- 
trode to seal up the clearance in the electrode hole. 

E shows how the ganister stem is cut away by the 
electrode when the latter is again lowered. 

F shows the uselessmess of the ganister stemming 
immediately the electrode is again raised, due to the 
thick part of the electrode having created almost as 
much clearance between the electrode and the ganister 
as there was between the electrode and the original 
roof hole. 

G illustrates the earliest attempt the author made 
to remove the sealing of the electrode away from the 
roof. This was not ful b of the still red 
hot electrode above the roof burning away in the air. 

H illustrates the result of the above short economiser. 
From this drawing will be appreciated the very small 
advance that this or any other short seal constitutes 
over the early methods of sealing. 

J (Fig. 8) and Fig. 9 show the present-day economiser 
which forms the subject of letters patent. It is only 
by removing the electrode seal to a position well above 
the roof where the electrode is always below combustion 
temperature that the effectiveness of the present scheme 
is obtained. 

K and L show the same principle of economiser in 
telescopic form suitable for furnaces having only a 
short electrode travel. The conditions that exist in 
an electric steel furnace are even more onerous than 
an inspection of these drawings would lead one to assume 
The reason for this is that electrodes are not raised 


valy when @ fresh charge is put into the furnace, but 
they are being raised or lowered constantly for the 
ordinary regulation of the current on the furnace. 
7 he effect of this necessary regulation is that the elec- 
trodes are moved an average of once each 5 seconds to 
10 seconds ones first third of the process, an 
average of every minute during the second third, 
snd an average of every minute during the last portion 


of the process. 
important advance in electric furnaces 


done by leaving in the roof a number of plain holes 
eq 





This most 





ives results much beyond what might be expected 

m so simple a device, several of the improvements 
being as follows :— 

1. No cold air is drawn into the furnace. 

2. No flames or highly heated air burn away the 
ey above the roof. 

. A really reducing carbon-depositing (when desired) 
atmosphere is maintolned within the madling chamber. 

4. The oxygen-free atmosphere of the furnace prevents 

the burning of the electrodes inside the furnace except 
at the arcing ends and, therefore, electrodes remain 
parallel instead of tapering. 
5. The electrodes can of smaller diameter for a 
ven current supply. This, in addition to cutting 
own electrode costs, permits a reduction in the size 
of the electrode holes in the roof, thereby adding great 
8 h to the roof. 

6. The life of the roof is considerably increased because 
the thick carbonaceous atmosphere inside the furnace 
acts as an opaque curtain through which the intense 
aj of the arcs cannot be radiated upwards to the 
roof. 

7. The flames inside the furnace, not being able to 
pass out at the electrode holes, travel all over and 
among the charge and heat this up rapidly and very 
ee ar 

8. The electrode gear over the furnace does not 
become intensely hot as in older furnaces. Any adjust- 
ments uired in the electrode gear over the roof can 
therefore done in comfort by the furnace attendants 
while the furnace is at top heat. The coolness of 
the gear renders the frequency of such adjustments 
negligible. In the same way the absence of the great 
columns of flames, which continuously rise through 
the electrode holes of other furnaces and which radiate 
intense heat all around, renders the Stobie furnaces 
much cooler to work. 

9. In consequence of the exclusion of free air fro 
the furnace, and the absolute control which this its 
over oxidation, scrap steels containing oxidisable 
elements such as chromium, tungsten, , and 
even vanadium, can be easily melted without losing 
the special elements from the bath. In other furnaces 


the major portion of such elements is first oxidised 
out of the charge into the slag and has then to be skil- 
fully recovered, if possible, at great e in time 
and current. When melting scrap which it is desired 


not to change at all in analysis, the carbon content 
does not vary by more than a point up or down. It 
is thus not nec to analyse the molten bath in 
order to adjust the carbon and other elements when 
melting scrap giving the arithmetical proportions of 
the desired composition. 

10. The absence of heat from the electrode gear 
enables the current terminals of the electrode to be 
made of light copper contacts built up of standard 
copper bars, instead of the usual intricate, heavy, 
water-cooled bronze castings necessary in other desi: 

ll. By os! the heavy heat losses which for- 
merly took place, the cost manufacturing electric 
steel has been correspondingly reduced and the time 
required per heat diminished. 

12. The sealing of the roof of furnaces by means 
of the economiser results in the furnace being much 
cooler for the furnace men to operate. This and the 
increased output from the plant very greatly reduce 
labour considerations for a given output of steel. 
is of great moment nowadays in view of the high cost 
of labour. 

Circulation of Bath._—Claims are made by some furnace 
manufacturers that, by reason of the electrical system 
or the position of the current circuits in their furnaces 
an automatic stirring or circulation of the molten-metal 
bath takes place. It is also claimed that, in consequence 
of such circulations, no manual rabbling of the charge 
is necessary. 

A careful research on the subject has been carried 
out at the Stobie steel works and the results are of 
interest. 

Many years’ observation of the working of electric 
steel Y ened had not revealed any movements of 
the steel bath except such as were due to well-known 
causes ; therefore it was decided to devise means whereby 
closer observation of the effects of electric circuits 
through molten metal could be made than was possible 
in a steel furnace working at temperatures up to 1,800 
deg. C. Mercury presented itself as a suitable substitute 
for a hot steel bath, as it resembled molten steel in 
being a liquid metal and magnetically inert. The 
resistivity of mercury at atmospheric temperature 
is < e tely two-thirds that of molten steel. Its 
specific gravity is twice that of molten steel. 

Separate experiments with single-, two-phase, and 
three-phase currents, and representing every known 
type of furnace with arcs playing on the bath, were 
made. 

The size of the bath, the quantity of mercury, and 
the current flowing were proportioned to represent 
average practice, but on a reduced scale. Two voltages 
were separately used for each m of connections: 
one low = to enable the full current to be passed 
through the bath without arcs, and a higher one to 
pass the current through arcs above the bath as in 
normal steel melting. 

All the different furnace systems exhibited the same 
effects when current was switched on. 

At low voltage, with the electrodes immersed in 
the metal, the observed motion of the bath consisted 
of a very faint pulsation coincident with the periodicity 
of the current. The amplitude of the pulsation was 
greatest near each electrode and dimini with dis- 
tance according to the law of inverse squares. These 
vibrations which originated at each electrode were 
so small that they were detected at the surface only 
by the minutely throbbing reflection of incident rays, 


This | directed thereto 





There was no trace of a circulating or swirling motion 
in any part of the molten bath. 

As solid conductors heavily loaded with alternating 
current always vibrate, it was considered that the 
minute waves observed in the mercury bath might 
originate from the vibration of the electrodes i 
therein and not from the passage of the current through 
the liquid metal, in — ae of the much greater 
area of the latter. T ore the current was next 
made to flow round entirely-insulated copper circuits 
immersed in the bath. The same types and strength 
of electric current were employed as in the previous 
experiments. Exactly the same pulsations were noticed 
at the surface of the bath and a total absence of flowing 
motion. 

The flowing movement of the slag under the aros, 
visible in an electric steel furnace when the bath is 
covered with a fluid slag, has doubtless given rise to 
the common belief in a stirring of the metal bath by 
the current. The movement in the slag results, however, 
from the blowing action of the electric arcs, and it will 
stop i diately if the electrodes be lowered into the . 


ing the course of the above experiments it was 
noted that the greatest pulsating disturbance of the 
et Se when the arcs played directly upon it. 
That iaturbance was purely local and diminished 
considerably when a highly conducting fluid “slag” 
was placed on the metal. The violence of the blowi 
action of an alternating arc on liquid metal is observ 
in a commercial electric furnace if an arc is struck on 
to the bare steel after the removal of the slag. The 
steel will be blown away downwards from the eleo- 
trode end and, on rebounding, will usually short-circuit 
the arc. The addition of a fluid slag will relieve the 
metal of the disturbance, as the slag will take up the 
flowing effort. The research conclusively proved that 
no circulatory or other stirring movement of the bath 
results from the electrode circuits in an electric arc 
furnace. The more or less complete diffusion of added 
elements which takes place in a bath of molten steel 
is a metallurgical phenomenon that occurs in all steel- 
melting furnaces, whether electric or other, and does 
not depend upon magnetic jor convection currents, 
No special conditions exist in any electric arc furnace 
which will relieve the good steel melter from the neces- 
sity of properly rabbling his furnace bath. 








SOME EXPERIMENTS ON FULL CARGO 
SHIP MODELS.* 
By James Szemrptx, Member. 
Tue great demand for cargo ships during the past 


year or two has directed the attention of e imenters 
in al way to the subjects of the resistance and 
pro; ion of this type of vessel. Experimental data 
dealing with this question are not altogether lacking, 


Mr. G. 8. Baker, in particular, and also Professor H. C. 
Sadler (U.S.A.) having, in certain directions, explored 
the field of investigation. 

Whilst there is a danger of experimental investigations 
overlapping, no can arise from corroborative 
evidence, and some points are of such importance that 
the attention of shipbuilders cannot be too frequently 


The present paper contains some results of experiments 
made order to determine on ships of average pro- 
portions the effect on performance (a) of fullness, and 
(6) of longitudinal distribution of displacement. Wake 
and deduction investigations were also ied out 
on a number of the models, and in addition some com- 
parisons are drawn between the results obtained at 
Clydebank, and in other establishments. 


The results are given in (9) curves on a base of ©, 


Vv . 
where («) = 1°055 VL The members of this Institu 
tion are now familiar with ©) curves, Froude and Baker 


Froude 
however, presented © curves on a base of ® and 


Baker on a base of @) ; the reason tor departing from 
these practices is that the first results obtained 1. our 


tank was plotted on a base of ®). but when certain 


series of models were run embracing altogether 45 © 
curves it was found that the fairing of these curves could 


be more easily accomplished with the values plotted on 
a base of @ rather than on that of ®). Had Mr. Baker’s 
@) value (which brings into common positions the humps 
and hollows of the ©) curves of models of varying full- 


ness) been known at that time, it is more than probable 
that this value would have been adopted in preference 
to that of (L). 

Effect of Fullness on Performance.—tin this series a 
length of 400 ft. was associated with a beam of 53-33 ft. 
Whilst the breadth of merchant ships on the broad 


average equals + +,10 ft. there is a decided tendency to 


exceed this proportion, especially in full cargo vessels. 
Further, on the average, the load draught of cargo ships 
does not tly vary from 0-45 beam, therefore it was 
consid: that a draught of 24 ft. would be suitable. 


having kept to this form of presentation. 





* Paper read before the Institution of Naval Architects, 
April 11, 1919. 
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to the proportions thus arrived | advan 
Four models were made je pr  seapactively 0-75, | to @ slightly deeper draug 
made | reduced 7 finer run given. weg pact 
ancy placed 0-25 per| much improv performance compared wi - 
pee: pl pr {ships. rae ” ae ceding. The sectional area — of — [ 
y i heref: as | designated ““E” and “F,” are shown on Fig. 3, an 
sion bl hen heen rn ms their (C) and E.H.P. curves on Fig. 4 on this page. 


at, the prismatic coefficients t p 
0-77, 0-79 and 0-81. The amidship section was 


cent. L. aft of amidshi 
given on the first table on the opposite page. 


* CURVES OF AREAS OF MODELS A.8.C.D 


+ CURVES OF AREAS OF MODELS E.F. 


CURVES OF AREAS OF MODELS G.H.K. 


In this table = block coefficient, 
¢r = prismatic coefficient—fore body, 
é. = prismatic coefficient—aft body, 
8 = amidship area coefficient. 

Experience shows that certain instability of result 
occurs when models are run at very low ; accord- 
ingly for full vessels the models were made as large as 
could be conveniently handled, so that the resistances 
measured might be as large as possible and the critical 
speed of the model removed as far from the zone of 
instability as practicable. Consequently the models 
were m: 200 in. in length. 

The speed corresponding to 11 knots for a 400-ft. ship 
of a model 200 in. long is 227 ft. per minute, and even 
at this speed results cannot be reproduced with certainty. 
It has been the practice at Clydebank to run the models 
at at least three and frequently at five draughts, so that 
the results may be faired in, and the possibility of con- 
siderable error reduced to a minimum. In the present 
case the models were each run at five draughts. 


The curves of areas of the four vessels “ A,”’ ‘ B,” 
“OC,” “D,” appropriate to 24 ft. draught, are shown 
on Fig. 1 above, and the results on Fig. 2. In Table 


I, on opposite page, the full results and particulars of 
models are given. A definite increase in © value 


accompanies increase in fullness, and the © curves at 
constant draught rise much more steeply in the full 
models than in those which are finer. Even in the 


fullest model, however, the increase in © is not pro- 


hibitive until an @® value of about 0-74 is reached, 
which corresponds to a speed of 14 knots for a 400-ft. 
ship. In examining the variation of ©) with variations 
in draught in Table I it will be observed that these— 
pecially in models “B” and “ C”’—rapidly decrease 
with increase in draught, thus showing the importance 
of making the most of the draught dimension where 
propulsion in this type of ship is desired. 
If an efficiency of propulsion of 50 per cent. be assumed, 
the Admiralty constant which would be obtained by 
“C” vessel at the light draught, at 11 knots speed for 
a 400-ft. ship, é.e., () = 0-58, would be 258, whereas 
at the deepest draught that becomes 279, and this 
notwithstanding that a fuller vessel results from the 
increased draught. ‘ 
Shortly after this series of models had been run a 











us. Accordingly a new design was produced 
he, the block coefficient was 
The new model gave a 


Fig.2. © Curves for 400 Ft. Length and E.H.P. Curves 


of Vessels corresponding to 
Models A.B.C.D, 






Fig.4. © Garves for 400 Ft Length and E.H.P. Curves 
of Vessels corresponding to 
Moddls E.F. 





Fig.& © 





of Vessels corresponding to 
Models G.H.K. 


itudinal Distribution of Di 





aoe of 





of amidships, amidships, and 2 per cent. L. aft of amid- 
ships in order to discover the effect on resistance of such 
distribution of displacement. Three other models of 
finer form, viz., of 0+72 block coefficient, with similar 
relative positions of the centre of buoyancy, were made. 
The fuller models are designated “G,” “H,” “K,” 
and the finer forms “‘ L,” ‘ M.” “ N.” 


L-Length in Feet 

B-Breadth in Feet 

D-Draft in Feet 

s Saekeemaae in Te 

z in Tons 
in Knots 






of 
L-Length in 
B-Breadth in Feet 
D-Dratt in Feet 


tineee 
Gurves for 400Ft. Length and EHP Curves p-preft in Feet 


§-Block CoaNcient 


of 


The curves of areas of these models are shown 0D 


Displacement on ‘ 
form was tested in which the transverse sections embodies | Performance.— longitudinal tion of the centre of Fig. 5 above, and Fig. 7, page 754. 
n 


the straight-frame principle. The model was tried, | buo 


and gave very different results. This was, without m 


f orward than that of the ori 





consideration, attributed to the nat of the ti 
Subsequently it was 


in the better of these two models was much 


the full series the results (see Fig. 6) very detinitely 
pointed to the advantage of having a fine and were 


original design. The ° . . . 4 “ ” + 
results obtained led to the consideration of the effect of | quite in keeping with the findings of the “‘H” series 
that by altering the|the longitudinal distribution of displacement in full 


ing with varying fullness of run, in Mr. Baker’s paper 


prismatic curve aft some improvement of result could be | forms. A series of three models of 0-77 block coefficient | on ‘‘ Mcdel Experiments on the Resistance of Mercantile 


effected. In the light of previous experience an increase 
in draught and a decrease in fullness was known to be 











were constantly made, with the longitudinal position of a: Forms,” read before this Institution in 1914. 
the centre of buoyancy respectively 2 per cent. L forward 


ith decrease in block coefficient the influence of the 
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longitudinal distribution of displacement on result is not | displacement, and of “‘L” model with the centre of 


753 


same dimensions and fullness-——with the displacement 
so marked (see Fig. 8, page 764), and — our results| buoyancy 2 per cent. L. forward of amidships, over the | disposed as in ‘‘ K’ model, would require to be 80 per 
find corroboration in the ‘‘G” ¢>ries in the paper above | range of practical speeds for vessels of the given pro- | cent. greater than that necessary if the displacement were 
referred to. portions and fullness. i asin ‘* G ” (see Figs. 5 and 6, page 752). 


ake and Thrust uction Experiments.—In the 












































Docen anco Surrs discussion which followed the reading of Mr. W. J. 
sonnasonsti . & wo D Luke’s 1910 r on ‘‘ Experimental Investigations on 
Wake and Thrust Deduction Values,’’ it was 

Length | Breadth | Draught | Lisplace- a - Centre of that the hull efficiency elements were very sensitive to 

—_ in in. in ment 8. oy. bq: B. uoyancy the prismatic coefficient of the after body. These varied 

ost. Feet. Feet. | in Tons. from Amidships. so much in the six models under discussion that they 

afforded an excellent opportunity of finding the effect 

“a” 400 53-33 24 10,752 0-737 | 0-747 0-757 | 0-980 | 0-25 per cent. L. aft. —— after prismatic on the wake end thrust deduction 
“3” 400 53-33 24 11,045 0-755 0-768 0-774 0-980 | 0-25 percent. L. aft, | Values. % 

“on 400 53-33 24 11,337 0-775 0-788 0-796 0-980 | 0-25 per cent. L. aft. Two propellers were chosen from those at hand, viz., 

“7. 400 53-33 24 11,629 0-795 0-807 0-816 0-980 | 0-25 per cent. L, aft. one of 9-6 in. diameter and unity pitch ratio, and the 

other 8 in. in diameter and of 1-2 pitch ratio. The 


particulars of these screws brought up to ship size 
TABLE I.—Tasies or Dimensions, CoEFFICIENTS, AND RESULTS OF THE Various Mopets To 400 rr. LENGTH. | (i.c., 400 ft. length), are as follows :— 
8 = Block coefficient. gy = Prismatic coefficient forward, @, = Prismatic coefficient aft, 






















































































































































B = Mid area coefficient, ©) Values on base of (x), Diameter | Pitch in | Pitch | Disc Area | Number of 
Vv as in Feet. Feet. Ratio. Ratio. Blades. 
3 
Where (©) = 1-055 —= EHP. = ©. 
v seer (a) 19-2 19-2 1-0 0-5 4 blades 
l l l (b) 16-0 19-2 1-2 0-375 | 3 blades 
- a 5 | | 
2<\/4,|4 z - | oe a 
BS pF ae | S34 ae Ae bo bas 3 s| 2 2 8 8/8 B 3 $8 R It was known, from former experiments, that moderate 
g 2 & | 2a | + @) ; *}e};e)/e;e)e}e |) e |] © | © | © | variations in pitch ratio had little effect on experimental 
™ A wake values and that the influence of diameter pre- 
ema eee eee ae | RS ee OS 2 es __|___|___ | dominated. The diameters chosen cover any differences 
400 | 53-33| 17-70| 7,714 \0-715|0-734\0-735|0-974 0-693 0-697|0- 700|0-703 0-714/0-730 0-750 0-766 0-778)0-7860-790/0-790 | likely to occur in practice for screws suitable for the size 
— | 19-60, 8,624 \0-721|0-739]0-742/0-976:0-585/0 -688/0-691|0 -696 0- 704/0 -720|0-740,0- 758 0-770/0-7790-784)0- 785 and type of ship, represented by these models. 
“av| — | 21-70| 9,642 \0-729]0-743/0-750/0 -978/0-678|0-681 0 -682/0-686|0-696|0-710/0-7300-7490-760.0-7700-7760-780 | The wake fraction as expressed by Froude is 
— | 24-00) 10,780 |0-737|0-747\0-757|0-980 0 -670/0-672|0-674|0 -677|0-686|0- 700|0 -720(0- 740|0- 755\0 - 765\0-772/0-775 vv ; 
— | 26-50] 12°050 |0-746/0-753\0-766|0-981/0 nis Giae Ore her er te 0-729|0-746)0-758|0-765)0-769 w eed where V = speed of ship; V, = speed of 
| 1 
400 | 53-33] 17-65| 7,896 \0-734|0-754|0-756|0-972\0-735/0- 740|0-745|0- 753|0 -768/0 -786|0-805 0-825|0-838/0-846)0-851/0-853 | _. . ; R,— B 
| 19-55| 81827 |0-741|0-759|0-761\0 -9750-720/0- 72310 -72910-736|0-74910- 763/0- 785 0-803 0-819|0-8290-835/0-839 | Ship ~ speed of wake ; the thrust deduction ¢ —0 
“B”| — | 21-65] 9,870 |0-748|0-763|0-767\0-978,0-701|0-707|0-710|0-719/0-730/0-745|0 -764 0 - 7840 -798|0-808/0-815|0-820 ‘ “ 
— | 24-00] 11,034 |0-755|0-768)0-774|0-930 0691/0 -694|0-698 0- 7090-728 0-748 0-764.0- 780|0-792/0-799/0 804 | where R, = augmented resistance ; and R = resistance 
— | 26-55| 12,332 |0-762|0-772|0-782|0-981 0-670/0-672)0-674 0-670/0-687/0-701)0-721 0-743/0-760)0-773}0-784 0-791 | without screws. Hull efficiency = a + ) (1 — t) (sce 
. } Mr. R. E. Froude’s paper in Trans. I.N.A. for 1883 and 
400 | 53-33] 17-70| 8,160 |0-756)0- | 974 0-770\0-777|0-781|0-790(0-805|0-827|0-847|0-863\0-875|0-883/0-890/0-898 ; : - ; 
— | 19-57} 9,033 \0-762\0- 976 0-756|0-762\0-768)0-777 0-761 0812)0-81600-8020-806 0-87010-878|0-885 | Précte of same in Appendix IT to Mr. W. J. Luke's paper 
“c”| — | 21-65) 10,182 |0-772\0- 978 0-742\0-748|0-750\0-760/0-775 0-795|0-820 0-838/0-852\0-8610-868|0-871 | Of 1910). : ' 
— | 24-00) 11,352 |0-775|0- . . .730|0-733|0-788)0-745|0-760 0-780|0-805 0-824 0-838/0-848|0-853|0-868 | From the results plotted on Fig. 9, page 754, it may be 
— | 26-60] 12,694 |0-783]0-793)0- -981 0-717\0-721\0-723/0-732|0-747\0-766(0-791|0-810/0-825|0-835/0-840/0-845 | seen (1) that the wake value is sensitive to the prismatic 
400 | 58-33] 17-65| 8,330 |0-774)0 9740 ue 79810-803/0-81010-826\0-846\0 assio ‘0-900|0-911/0-921\0-982 eens t Gain tay. Se ae are 
. . oe . . . . . . . . . \0- 10° . . . “ »” . My 
— | 19-55| 9,304 Jo- -976 0-781|0-7900-79510-801 0-81510-835|0-8590-8780-892/0-904/0-91310-924 | S24. pe. Wp Fue Se gene Sty Soy 
“D”| — | 21-65] 10,387 |o- -978 0-771|0-780(0 - 784|0-792|0-807|0-827|0-850/0-868)0-883|0-895\0-905/0-916 eS ook a cies, 
— | 24-00) 11,630 |o- “980 0-764|0-771/0-776|0-784|0-80010-820/0-84310-861/0-876|0-887/0-896)0-907 | the observed wake values are in harmony despite the 
— | 26-62| 13,006 |0-802\0- : 9810-757 |0-763/0-7690-777|0-793/0-813|0-835,0 -854 0 -870/0-881)0-891/0-901 different block coefficients. It may be observed (2) that 
the wake values as measured by the smaller screws are 
tn | anol ag) ase Sane saree St ea Se ee SS Sa Er | tern ce enn ete, ee ear 
—_ . Y . . | . . . . . . \1- lke . 1- 1- : “ : 
“B"| — | 21-67) 10,104 |0- - 983 0-902/0-914|0-935|0-963|1-004|1 -035|1 -050|1-064 1-114 foes i-oee | co, eneee Miaeneter wae cabdameion auiioaed ae 
— | 24-00) 11,296 |o- 984 0-898|0-910/0-929/0-956|0-992|1 -024|1-040 1-057 |1- 109|1-203/1-281|1-320 | FG Ea. y han th 
— | 26-63| 12,630 |0- +986/0-902|0-914'0-935|0-963)1-004|1-035/1-050\1-064)1-114 1-212)1-292 1-332 | the 16-ft. diameter screws are greater than those agso- 
ciated with the propellers of 19-2 ft. diameter. 
400 | 52-00] 18-29) 8,159 |o- -9790-749)0-753/0-762|0-773/0-787\0-800/0-808 -817|0-824)0-888)0-860|0-885 | Constructor McHntee’s Results Compared with Those here 
pe] = | 22°45) so'108 [o- eID 7140 710la Tesla. 74s(0-72510-7a0l0- eslo-eol0-tedlO-eazO-eeelo-847 | Cve'ts ghe opeite af 1018. "Im November, 191, Naval 
-” oe ~— . zg . . . . . . . \0- . . . 0- . . . 
— | 24-88) 11,402 |o- 984 0-677|0-680|0-685/0-602|0-703 /0-715|0-7200-7440-762/0-784)0-812|0-845 ol oe Seen ee ew ot 
— | 27-50) 12,747 |0- - 986 0-672|0-675/0-678|0-682|0-689/0-697\0 os Ga vet: -768/0-800|0-835 Experimental Tank, read @ paper before the American 
400 | 53-33] 17-50| 8,061 |o- -979'0-710|0-716|0-728|0-742|0-758|0-770|0-780 0 -818|0-835|0-852 | Society of Naval Architects and Marine En, rs entitled 
— | 19-50) 9,012 /0- -981|0-681|0-689]0-700/0-715 -745|0-755|0- 7680+ 781|0-804|0-827\0-850 | ‘‘ Variations of Shaft Horse-Power, Propeller Revolutions 
“G") = | 34°00) i2'208 o- a eee oo sa eae gasl0-obal0-7oslo-Fisio-725)0-70s00-208peS47 | aint Hecdiat aiiddle Body in « Gingle-Borew Cargo Ship” 
- : q *9840- ‘ : , : *806/0¢ the P | Middle Body in a Single-Screw Cargo Ship.” 
— | 26-54) 12,575 |o- -985|0-640 (0-642 /0-650(0-661/0-674|0 -682/0-698|0-694 0-708\0-74010-79510-845 | The investigations made by him cover, to some extent, 
400 | 53-33| 17-50} 8,061 | .97910-80010-805|0-8210-850/0-87510-892\0 -902/0-925.0-952/0-974\0-986\0-998 | the same field of experiment as those recorded above. 
— | 19-50) 9,012 0- -981/0-800/0-805|0-821|0 -850/0-875/0 -892/0-902/0-926 0958/0 -982/0-995/1 -002 In brief, these were as follows : Four 20-ft. models were 
“H”| — | 21-66) 10,076 0- -983 (0-800 0 -805|0 -821 0 -850 0 -875/0 -892 0 -902|0-928 0- 9630 -990)1 -005|1-010 | made corresponding to ships of 400 ft. le’ between 
— | 24-00) 11,265 )- -984\0-800'0 -805\0 -821/0- 875\0-892|0-902\0-930 0-969|1 -000)1 -018|1-022 | perpendiculars, and of 57-3 ft. beam, 26 ft. t, and 
— | 26-54] 12,575 90- cee sae is me a ens igre Gan ee 1-010}1 -030|1-036 | 13,137 tons displacement when fully loaded. A prismatic 
fficient of 0-788 was chosen as ting about the 
400 | 53-33] 17-50) 8,061 0- -979|1-120)1-120|1-130|1 -155|L-175|1-205|1-252 1-305|1-335|1-366|1-415 | CC® Bt : ; 
ol — | 19°50} 9,012 0- -981/1+120/1-122|1-135/1 en ee aes 1-265 1-313|1-340|1-3738|1-423 te ne hes type. A constant 
K”| — | 21-66| 10,076 \0- -983/1 -113]1 -139]1-148}1 -190|1 -213|1 -250|1 -295 1-880)1 -350\1 -880|1-430 | length of the parallel body was taken equal to 
— | 24-00) 11,265 0- -984/1-112|1-155|1-173|1 218)1 -246|1 -290|1-339 1-362|1-374|1 -398|1-463 | 33 per cent. of the length of ship. This percen has 
— | 26-54) 12,575 0- +985|1-112|1-186/1-212|1 *255/1-295 A-S761-608 1-413)1-415|1-422/1-455 | been found ogee about the minimum resistance for the 
speeds attained in practice for this type of ship. a 
400 | 53-33] 17-70) 7,533 [0- -979|0-690'0 -690/0-693/0 -713|0-727|0-789\0-748 0-753\0-759\0-764|0-772 | - "The middle body was placed at v 
aml 7 | 19°58) 8,422 0- 0-982|0-680|0-680/0-685/0 -705\0-719|0-730\0-740 0-747|0-751\0-760)0-769 | a:tances from the forward lion ended 4 
L”| — | 21-69} 9,416 /0- -983|0-670\0 -670|0-678/0 -698)0-711/0-723|0-732 0-740/0-745)0-758/0-768 | fn how and fin i ths fos of the ve 
— | 24-00) 10,528 |0- 0-984|0-665|0-665/0-671\0 -690\0 -703\0-714\0-722 0-730\0- 736\0-745\0- 760 | £ w and fine run in t it of t gereny ee ne oe | 
— | 26-51) 11,770 +9850 -660|0-660\0 -665/0 -683|0 -695 0-706/0-714'0-720)0-72810-789/0-754 ———— steps to a fine bow and full run in the last 
c+) our m e 
400 | 53-33] 17-70] 7,533 |0- . bak ane es +690/0-695/0 -716\0 -725|0-735|0-741 0-747\0-7490-750/0-751| The particulars of the corresponding vessels were as 
eapest 77 | 19°58) 8,422 |0-706)0- -719 0-981)0-670|0-670/0 -678|0-685|0-700/0-712|0-723/0-732 0-740\0-743 0-745)0-746 | given in the table on the next p 
M”| — | 21-69) 9,416 |o- . -726 0-983|0-655/0-655|0 -660)0- -687\0- 7000 -712)0-722 0-730\0- 735 0-739\0-743 | © 1+ was found that the best to wane chtained when 
— | 24-00) 10,528 jo- . 734'0-984/0-639|0-639|0-644\0- *670)0-685|0-700)0-710 0-72010-728|0-77310-740 | 1.6 iddle secti: t the lel middle 
— | 26-51) 11,770 0985/0 -622|0 -622/0 -630\0- -654(0 -670\0 -685\0 -699 0-707\0-7150-725|0-737 | ‘ae mu asomes 'S parallel r body was 
| | - — about 43 per cent. of the — from the 
400 | 53-33) 17-70) 7.533 |0- 0979/0 -810/0 -610/0-810\0- -812'0 -815/0-820/0 -823 0 -829)0-835|0-843/0 -853 orward perpendicular. This gave a longitu position 
“n> = [Bas Sea: ‘218 rou 704-70) 76) Tes eoe0 8100-490 81,8480 8580 875 | of the centre of buoyanay 2°4 per cont, of the ship’ 
=» - , e 0-983'0-774)0- 0- ° ° ° \0- . e ° 0° o h ard f euiédbion, 1 
— | 24-00 10,528 \0-712|0-685|0-779\0-984|0-757|0-757|0-759|0-763 -770}-78000-797/0-818 0-840 -868,0-890)0-915 | eDeth eS Saeed ees en A 
— | 26-51) 11,770 -TE8}0-€68}0-788)0-985)0- 746 dhe em: cia -758)0-77110-7000-8170-848 -876)0-908)0-985 | "°F" Me tications to find rte —— ; 





were also carried out. A small direct-current motor was 





























7 placed inside each model, being transferred from one 

Druznsions or Carco Suirs G To N. model to the other as the experiments with each model 

rc : is eee : : ; in were completed. To the end of the armature shaft 

Length | Breadth | Draught | Displace- Long. Centre of the prope shaft was connected by means of a flexible 

aad in in in ment é. os da B. Buoyancy coupling. Measurements of torque and thrust were 
Feet Feet Feet. | in Tons. from Amidships. obtained at various linear and rotary , and measure- 

eee: 5 oe ee a —— | ments of wake, thrust remy ee propeller efficiency 

“@q@” ao i ; 0-740 0-984 | 2 percent. L. ford. were taken. Constructor McEntee records the wake 
“a 400 #4 = 117268 4 = “— 0-782 0-984 ” a ue value in terms of the speed of the ship, whereas the 
“K” 400 53-83 24 11,265 0-770 0-736 0-829 0-984 | 2 percent. L. aft. method adopted by Froude—and followed in this paper 
led 400 53-33 24 10,528 0-720 0-778 0-685 0-984 | 2 percent. L. ford. —is that of expressing the wake fraction in terms of the 
a — Se 400 53-33 24 10,528 0-720 0-730 0-734 0-984 = corrected . The Washington results have been so 
N 400 53-33 24 10,528 0-720 0-685 0-779 0-984 | 2 percent. L. aft. amended and are compared with Clydebank’s results on 























Fig. 9, 764. It will be seen that the wake values 
wlte of the full series ill ho sesan thas the thwess sotustion vehoes eso Glee Quinine 
In th : The resulte of t ull series illustrate how unsatis- | ments, that thrust uction values are ter, 
Tn the finer series, however, the lowest (©) values are factory the block coefficient may be as @ way of expressing | and that the resulting hull efficiency values are slightly 
given by the model with the centre of buoy amid-| the fullness of ships and using this as a criterion at lower. 

ships, but there is com ively little difference between | performance. At @ speed of 11 knots for the 400-ft.| These differences in result may have been brought 
the results of the model ‘“‘M” with that disposition of | ship, the power required for the vessel—of exactly the ! about by either the screw in the one set of experiments 














754 


ENGINEERING. 





[June 6, 1919. 








being relatively smaller than those used in the other, | Peabody’s results it appears that such differences in 


or by the relative fore and aft positions of the screw. 
In the American experiments the propeller diameter 
was 16-58 ft., associated with a beam of vessel of 57-3 ft. 


position may account for the variation in results obtained 
at Washington and Clydebank. 
If comparatively small differences in position of 









































Length Breadth | Draught | Displace- a. Centre of 
Number. in in in ment 8 os dba B. juoyancy 
Feet. Feet. Feet. in Tons from Amidships. 
2,132 400 57°3 26 18,137 0-770 0-910 0-665 0-977 5-4 per cent. L. ford. 
2,133 400 57-3 26 13,137 0-770 0-869 0-708 0-977 | 3-6 per cent. L. ford. 
2,134 400 57-3 26 13,137 0-770 0-779 0-797 0-977 0-4 per cent. L. aft. 
2,135 400 57-3 26 13.137 0-770 0-738 0-838 0-977 2-2 per cent. L. aft. 
L-Length in Feet 
B-Breadth in Feet 


© Gurves for 400 Ft. Length and E.H.P. Curves 


of Vessels corresponding to 
Models L.M.N. 


Fig.8. 





Fig.7. CURVES OF AREAS OF MODELS L.M.N. 





BxD 


ad 
= 5-4, 





and a draught of 26 ft., in which case the Fiscal 
In the case of our experiments on models “G” to 
“N” the beam was 53-33 ft. and draught 24 ft.; the 
ratio ae) with the 16-ft. propeller being 5, and with 
the 19-2-ft. screw 3-46. The variation in result shown 
by our experiments between the 16-ft. and 19-2-ft. 
propeller is, however, too slight to account for any but 
a small portion of the differences obtained in these 
separate investigations. 

Probably the real reason for the difference is the 
closer position of the screw to the propeller post of the 
model in the Washington experiments compared with 
that possible by the detached screw apparatus method. 
It may be remembered that Professor Peabody, in his 
experiments on the self-propelled single-screw model 
 Proude,”* discovered that the wake and thrust 
deduction values were very sensitive to distance of 
propeller from stern-post. The diff he obtained 
are quite in proportion to those given betweengour 
results and those of Constructor McEntee. 

The “‘ Froude"’ was a self-propelled model 37-6 ft. 
long, and the following results were obtained from 
varying positions of the propeller from the propeller post 
at a speed of 6 knots (actual) for the model :-— 











Distance of 
Propeller from Wake Thrust Hull 
Stern-post Fraction. Deduction. Efficiency. 
in Inches. 
1 0-068 0-37 0-68 
3 0-123 0-36 0-73 
6 0-099 | 0-18 0-92 











In the first position the screw was close 
tively broad stern-post and eddies had an 
result. As the propeller was moved aft a decided 
increase in the w value was followed by a diminution 
of the same, and the thrust deduction showed even a 
greater variation in result. In Constructor McEntee’s 
400-ft. ship the centre of the screw was 2-4 ft. abaft 
eae which in a 200-in. model would represent 

*2in., w 


the screw in the Clydebank e i ts 
was 2-4 in. abaft propeller post. From ees 


* See Transactions of the American Society of Naval 
Architects and Marine Engineers, vol. xix (1911). 
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LUD. 
wake. THRUST DEDUCTION,& HULL EFFICIENCY. 
RESULTS OF EXPERIMENTS WITH SINGLE SCREW. 
Diameters given as for 400 Ft.Ship 
Speed NKnow for 400 Ft. Ship 
Wake~ —y-" where of 
: ye of 


propeller have such a decided influence on the wake 
value, it is of importance to give some consideration to 
this point when making choice of a wake value for 





propeller design. 





Some remarks might be made with regard to the 
efficiency of the models tried. A close observer may 
discover some apparent contradictions in the results now 
submitted. If, for example, the results of models 
“C” and ““H” be compared it will be observed that 
the © curve for the former is considerably lower than 
that for the latter, although the pengiuetind position of 
the centre of buoyancy is more favourable for easy 
resistance in the latter model. The dimensions are alike, 
and model “CC ”’ is a slightly fullerform. This difference 
is due to difference in form of sectional area curve. In 
model ‘‘C ” an easier run aft has been given than that 
of model “‘ H.” 

It is perhaps unfortunate that these experiments were 
not one complete series on the same parent form. On 
the other hand, some interesting and instructive com- 
parisons may be drawn between the different forms 
and their results. The writer trusts that the results 
now presented may be of some interest and value to 
the members of the Institution, and that some points 
worthy of discussion may have been raised. 





Exxectric Power TRANSMISSION ; 
SwitzeRLanp.—During the year 1918 the “‘ Strong. 
Current ”’ i tors of Switzerland received reports of 
54 accidents due to electric currents, apart from electric 
railway accidents. The accidents affected 55 persons ; 
38 of them proved fatal; attempts to restore life were 
made in 23 cases, but they were successful only in 
2 cases. High-tension transmissions were responsible 
for 23 of the fatal accidents, and low-tension lines for 15. 
Attention is drawn to one instance in which the fatality 
was caused by alternating currents of less than 100 volts ; 
the accident occurred in some electrochemical works and 
under conditions which are not considered dangerous to 
life, atany rate. In 19 cases the persons injured belonged 
to working staff; filters suffered more, 27 
accidents falling in this category ; the remaining 9 cases 
concern private persons. 


ACCIDENTS IN 





QUEENSLAND Rattways.—The report of the Com- 
missioners for Railways, Queensland, for the year ended 
June 30, 1918, states that several important items 
formerly imported are now being made in Australia, 
such as rails and fastenings, linseed oils, white lead, 
— Cement is being obtained from the Queensland 

ment and Lime Company’s works at Darra, previously 
it came from New South Wales and abroad. Serge for 
uniforms is being made by the Queensland Woollen 
yee aed at Ipswich. 9.386 tons of rails and 525 tons of 
fishplates were received during the year under the contract 
with the Broken Hill evga | ompany. There were 
constructed at the State workshops, Ipswich, two class 
“C.16” and one class ‘“ B. 164” locomotives for 
burning coke, besides several carriages and a large 
number of wagons of different types. Several wagons 
were also built at the State workshops, Townsville. 
Four “‘C. 16” locomotives were built by Messrs. Evans, 
Anderson, Phelan and Co., and two of the same by 
Messrs. Walkers, Limited. The State workshops also 
repaired, overhauled and altered several hundred loco- 
motives and several thousand carriages and wagons. 





Opours ror InpusTRIaL Uses.—A restricted use is 
made of some chemicals of pleasant and unpleasant 
smells for the purpose of detecting leaks in tests, e.g., of 
boilers and pipe lines, and for giving a ong 

as esca) otherwise not likely to be noticed. C) 
Gnitea tates Bureau of Mines recently investigated a 
number of odours and stenches which might be of use 
chiefly to give warning in mines. The investigation was 
conducted by V. C. Allison and 8. H. Katz with the aid of 
an “‘odorometer.”” In this apparatus a number of flow 
meters of the Venturi type are so arranged that a 
measured volume of air can be passed at a uniform 
rate over or through the chemical under test, the air- 
vapour being then mixed with another volume of air 
also flowing at a uniform rate. From the loss in weight 
of the chemical and the total volume of air consumed the 
concentration of the chemical was determined in milli- 
grammes per litre of air or in parts of vapour per million 
parts of air. The vapour mixture was passed through a 
rubber tube ending in a funnel ; the experimenter placed 
this funnel over his nose, and decided whether the odour 
was detectable, faint, quite noticeable, strong, or very 
strong. Much depends, of course, on the individual 
experimenter, whose comparative judgment, however, 
was found reliable. The curves obtained were not all 
similar; thus it required roughly 10 times as much 
amyl acetate to make a strong smell as was needed for 
a detectable smell, whilst the proportions were 1 : 30 
in the case of butyric acid and 1: 5 in the case of mer- 
captan. The most penetrating smell found was that of 
artificial musk, which could not,by the method employed, 
be obtained in concentration of more than 0-00004 
milligramme litre. The nose was also very sensitive 
to amyl acetate (0-039 milligramme detectable), butyric 
acid (0-009), propyl mercaptan (0-008), amyl and propy! 
thioether (0-001 and 0-012), allyl isothiocyanate (0-008), 
and phenyl isocyanide (0-002). Nitrobenzene with its 
pleasant smell of bitter almonds was not so readily 
detectable; ethyl ether (5-8 milli es), carbon 
tetrachloride (4-5), chloroform (3-3), had to be used in 
much greater concentrations to become perceptible. 
Though some of these chemicals have unpleasant odours, 
they are probably harmless in the concentrations in 
question; nitrobenzene and pyridine are, however, 
toxic, chloroform and also iodoform are soporific, and 
some of the cyanogen compounds mentioned are lachry- 
mose and toxic like mustard oil. How the chemicals 
should be utilised in order to give warning was not 
discussed in the first communication which and 





Katz presented to the American Chemical Society. 
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FATAL STEAM PIPE EXPLOSION. 


Tue Board of mae e cans now emcee abe Pmige fe 
their reports on boiler explosions investiga’ vy i 
surveyors under the Boiler Explosions Acts, 1882 and 
1890, and which have been practically suspended during 
the war. We have received the rt of a preliminary 
inquiry (No. 2,459) which deals with an explosion of a 
main steam pipe which occurred on board the steamship 
Hornby @ , on August 15 last, while the vessel was 
lying at Boulogne. The vessel was owned by Messrs. 
Holder Brothers and Co., Limited, 146, Leadenhall- 
street, London, E.C., and the pipe which failed formed 

art of the range of main steam pipes. It was of copper, 
cooing a brazed seam and being 4} in. in bore. It was 
fitted with flanges 9} in. diameter, and the overall length 
was about 12 ft. 5 in. The report states that the name 
of the makers of the pipe was unknown, but the pipe was 
supplied by the engine builders, Messrs. —_— 
Rickeodsen, and Co., Newcastle, when the vessel was 
built in 1890. (There was no record of any repairs having 
been made to the pipe in question. The vessel, including 
the machinery, was classed 100 Al with “ Lloyd’s 
Register of Shipping,” and the pipe had been inspected 
from time to time by engineer surveyors to that society. 
The last inspection was stated to have been made in 
October, 1911, when the pipes were taken down, annealed, 
and afterwards tested to 30 lb. per square inch, the test 
being witnessed by one of the surveyors of Lloyd’s 
Register. The vessel, including the machinery, was 
insured with Lloyd’s and also with several other insurance 


—. 

ith regard to the nature of the explosion, the report 
of Mr. A. H. Longstaffe, Engineer-Surveyor to the Board 
of Trade, who made the prelimi investigation, states 
that the brazed seam of the pipe, which was on the under- 
side, failed, the fracture commencing at the flange, and 
extending aft for about 2 ft., the pipe then tearing 
circumferentially close to the flange until the greatest 
width of the opening was about 12 in. Through the 
opening thus formed, steam escaped until it was possible 
to close the main stop valves. One of the firemen, a 
man named Peter Johnson, a native of Sierra Leone, was 
killed. The explosion, in the opinion of the Board of 
Trade engineer-surveyor, was caused by water-hammer 
action due to steam being admitted to an undrained 
section of a range of pipes of which the length that failed 
formed a part. No drains were fitted to the range. 

Under the head of “ general remarks” with regard 
to the circumstances of the explosion, the report states 
that ‘‘the Hornby Grange is a single-screw steel cargo 
steamer, built by Messrs. Wigham, Richardson and Co. 
in 1890, steam being supplied at a pressure of 15 lb. 
per square inch by three boilers, one forward and two 
aft, the stokehold being between. On August 15 last, 
the vessel was lying at Boulogne, and steam was being 
raised in all the boilers preparatory to leaving for London. 
Mr. W. H. Dibb, the second engineer, sta that on the 
day of the explosion he went on watch at 4 p.m. The 

ressure gauge of the two aft boilers showed about 

15 lb. per square inch, and that of the forward boiler 
about 105 lb. per square inch. After noting the pressures 
he instructed the third engineer to open the intermediate 
stop valve on the engines, and also the impulse valves, 
in order to commence warming up the engines. He 
then proceeded to the boiler tops a | opened the whistle 
valves on the two aft boilers to equalise any variation 
in the pressures. After waiting a few minutes he eased 
the stop valve on the starboard main boiler and after- 
wards that on the port boiler. The stop valve on the 
forward boiler was not opened. He then opened the 
starboard main stop valve full, and was in the act of 
further opening the stop valve on the port boiler, when 
the explosion occurred. From the time when he com- 
menced opening the valves until the explosion occurred 
would, he estimates, be about 5 minutes. With the 
assistance of the chief engineer, who had entered the 
engine-room on hearing the explosion, the stop valves 
on both boilers were closed, the boiler tops being accessible 
by a door from the top platform of the engine-room. 
After the vapour had cleared away, it was found that 
the straight length of pipe leading to the forward boiler 
had failed close to the flange. At the time of the 
explosion, two coloured firemen, Peter Johnson and 
Tom Sango, were engaged in opening the bunker door 
directly underneath the pipe that fail Sango managed 
to make his escape to the engine-room by the passage 
between the starboard boiler and the ship’s side, but 
Johnson was discovered lying between the port boiler 
and the bunker bulkhead, and when extricated was 
found to be dead. To get into the position where he was 
picked up he would have to climb over a fender plate 
about 3 ft. high and then crawl between the boiler shell 
and the bunker bulkhead. It can only be i 
that with the sudden rush of steam projecting downwards 
the unfortunate man lost his sense of direction in his 
effort to escape.” 

The report goes on to say that the second engineer 
stated that he had been on the vessel about four and 
& half years, having previously held the ition of 
third and fourth engineer. He had never heard any 
sound indicative of water-hammer in the pipes when 
opening the stop valves, although he admitted he could 
never remember opening them under similar conditions, 
+.e., with the stop valve on the forward boiler closed. 
At the time of the occurrence the vessel was trimming 
by the head, and the tendency was for any water in the 
Tange to lodge in the forward section. On the return 
of the vessel to London, suitable drain cocks were fitted, 
and all the pipes were taken down and tested by hydraulic 
pressure to 300 Ib. square inch. 

It was found, u @ close i 
where the failure fad occurred, 
defective in several places. The 


tion of the seam 
that the brazing was 
defects were such as 





might not, under ordinary conditions, have affected the 
safe working of the pipe, nor is it probable that they 
would have been revealed by subjecting it to a hydraulic 
test of double the working pressure. this i , 
however, the pipe received a sudden shock caused by 
water-hammer action, and the seam was unable to 
withstand the suddenly-imposed pressure. 

The report concludes with some interesting observa- 
tions by Mr. Thomas Carlton, Engineer-Surveyor-in-Chief 
to the of Trade, as follows :-— 

“All the conditions favourable to the formation 
of water-hammer appear to have been present when this 
explosion occurred, and there is little doubt that the 
rupture of the pipe was caused by this action. It is 
astonishing, however, that no means of draining the 
pipe range were provided, but this omission has been 
rectified, and the intelligent use of the drains now 
— should prevent a similar occurrence in the 

ture. 

“Pipe ranges should never be cleared of water while 
the boiler stop valves connected thereto are wide open. 
The drain cocks should first be opened and the boiler stop 
valves then eased slightly off their faces so as to admit 
only sufficient steam pressure to the range to blow out 
all the water of condensation. When the water is cleared 
away and the range is heated up, the stop valves may be 
opened—but always slowly—without risk.” 





PowDERED MeETats anD Rare ELEMENTS AS PAINT 
PiGMENTs.—In two recent publications of the Paint 
Manufacturers’ Association of the United States, 
circulars Nos. 61 and 62 of the Educational Bureau, 
H. A. Gardner advocates the use of metal powders and of 
the rare elements as pigments. There does not appear 
to be much novel information in circular No. 61, on metal 
powders; the circular deals chiefly with zinc and dis- 
cusses the electrolytic troubles likely to arise from the 
use of metal wders on general lines. The other 
circular, No. 62, seems more oapaouen By rare 
elements Gardner means not only the generally so-called 
rare earths, but also elements like selenium, molybdenum, 
titanium, tungsten, vanadium, uranium, radium and their 
compounds. Most of these have a high refractive index, 
and yield hence opaque mixtures of high age gt gps | 
when ground up with oil. The selenites of and 
barium, Gardner finds, give very white pigments of fine 
grain. The silicates and aluminates of beryllium 
and zirconium have similar good qualities, but are more 
expensive ; titanium compounds are already utilised to a 
large extent. In Aircraft Technique, Note No. 46, 
of the Navy Department, the same author describes tests 
of casein glue made by the Forest Service. These glues 
are supplied commercially in powders which are 
mixed with water, and are considered waterproof in so 
far as the glue is not subsequently washed out by water. 
Long soaking makes the glue soft and weakens fabrics, 
however; but they recover their former h by 
drying. The chief drawback of the casein glues is that 
they set rather quickly, remaining fluid for not more 
than 5 hours, sometimes only for 2 hours. For aircraft 
joints the casein glue seems to be preferable to hide glue. 





Decay or German TrcHNICAL Hien ScHnoors.— 
In view of the agitation for the foundation of a University 
of Technology in London, attention may be drawn to a 
memorandum on ‘‘ The Growth and Decay of Technical 
High Schools,’”” which was drawn up by Professor A. 
Riedler a year ago in response to a request for reports 
on the question by the Prussian Government, and which 
was published in the Zeitschrift des Vereines Deutscher 
Ingenieure of April 5 and 12, 1919. The Prussian 
technical high school grew out of trade schools and 
professional institutions of the middle of the past century, 
and their development was very rapid after the years 
1879 and 1889 when they were given an official status and 
finally university rank. Professor Riedler, himself late 
Professor of Engineering at Charlottenburg, Berlin, and 
@ man of influence, took an active share in this develop- 
ment, which did not proceed on the desired lines, however, 
he now points out. Science, he complains, is confounded 
with theories, insight with success, constructive ability 
with its proficiency of the draughtsman; clear con- 
ception of principles is neglected, and there is abstracting 
rather than summarising. Those general disadvantages 
are the consequence of splitting up and specialisation and 
of the lack of internal organisation. The different 
departments of a college stand apart and are themselves 
divided into sections. The course of studies is too 
cumbrous and detailed ; too much weight is placed on 
technical specialities and encyclopaedic knowledge. 
General problems, such as energy changes, fuel utilisation, 
traffic and transport, national agape not 
adequately dealt with. The war is not directly held 
responsible for the decay which, Professor Riedler thinks, 
set in with the beginning of this century. Little will 
be remedied by joint conferences of meng 1 of 
the different departments or of the different colleges ; 
there are far too many committees already. He would 
not select his advisers from the professional ranks. 
Something new will have to be built up, not upon the 
foundations of the old college. Quite aware of the grave 
character of the innovation he considers necessary, 
Riedler would make an attempt, limited for the present 
to a period of three years, to create a new college out of 
the engineering section of Charlottenburg. His ultimate 
aim would be union of the technical college with the 
university, not the separation of the two institutions. 
At the eighth annual meeting of the Old Students 
Association of the Royal College of Sci last Saturday, 
the secretary of that association, Mr. T. L. Humberstone, 

criticised the porns scheme of & oe 
of Technology, and the duplication of efforts whi 
would lead to endless friction and disorganisation and to 
waste of public money. 











THE TIN INDUSTRY IN THE FEDERATED 
MALAY STATES. 
Tue value of the 37,370 tons of tin exported from the 


Federated Malay States last year was 11,032,234i., 
with 8,489,610/., the value of the 1917 


which com 

export of 39,833 tons. In his report on mining in 
Federated Malay States in 1918, the Senior Warden 
of Mines (Mr. W. Eyre Kenny, M.I.C.E.) furnishes some 


interesting statistics of the tin industry. The Customs 
rae of exports from each of the four States was as 
ollows :— 














1917. 1918. 
Tons. Value. Tons. Value. 
£ 
Perak 7 24,648 | 5,264,215 | 22,084 | 6,704,086 
Selangor .. 10,960 | 2,823,541 | 10,744 | 38,171,762 
N egrl Sembilan 734 157,346 625 181,969 
Pahang oe 3,496 744,508 8,017 883,517 
Total $9,833 | 8,489,610 | 37,370 | 11,082,284 

















The amount of export duty collected last year was 
1,533,240/., com with 1,102,1937. in 1917 and 
928,031. in 1916, in both of which latter years the export 
was larger. The explanation is that duty is paid on a 
sliding scale based on the price of tin. To the 1918 
revenue for duty has to be added 226,192/. raised as a 
war tax by the States for contribution to the Im 
Exchequer. This special surtax was suspend on 
December 28. Last year the highest price for tin 
constituted a new record. 

The labour force engaged in mining was 144,621 in 1918 
compared with 123,340 in 1917 and 139,143 in 1916. 
Of the 144,621, 34,714 were on contract, 45,840 on 
wages, 63,224 on tribute, and 843 were individual 
licensees. There were 189 Europeans employed in 
Se mining industry, the remainder being made up as 
follows :— 








-— 1916. 1917. 1918. 
Chinese 132,053 117,015 135,900 
Indians 4,921 4,289 5,966 
Malays 1,904 1,774 2,484 
Others 68 81 82 














in 
ery 


The total effective horse-power of plant emplo 
mining (including 2,542 h.p. at the Rawang 











and Raub Gold ©) was 60,040, and was made up as 
follows :— 
—_—_ 1916. 1917 1918. 
™m 24,810 23,748 27,506 
Steam-electric 4,255 2,420 2,427 
Hydraulic 17,911 18,524 18,334 
Hydro-e 3,549 4,395 4,612 
Suction gas .. 2,203 1,704 2,219 
Oil engines .. oe 3,861 2,602 8,171 
Oil-électric .. ee 1,495 2,003 2, 
58,074 55,576 60,040 














The increase in 1918 was due mainly to the re-employ- 


ment of idle t. Difficulty in ob i t, 

and stores wt ter than x 1917, and t Pee the local 
Priority Committee rendered ev assistance, urgent 
war considerations had to override local needs. An 


enterprising Australian Company, with commendable 
energy, purchased plant in Australia, chartered a 
— a — the close of the year erection = 
well in d. Export of mining plant, except un 

permit, was forbidden. Fourteen bucket dredges 
operated in Perak, one in Selangor and one in Pahang ; 
at the close of the year the erection of a seventeenth 








dredge and the collection of timber for the hull of another 
was in hand. The total output by bucket dredges 
was 3,299 tons. Mr. Kenny remarks that the oon- 


sumption of wire hawsers continued to be high and that 
the provision of larger sheaves should be considered 
when new designs are being got out. An American 
engineer lays down that the diameter of mining sheaves 
should be at least 40 times the diameter of the ropes, 
and another authority gives 30 as the minimum pro- 
‘KF f the geological f the 8 
The progress of the geologi survey of the States 
was interrupted owing to the absence of the Government 
geologist and his assistant on war service. The employ- 
ment of a staff of economic mining geologists has 
under consideration. In his aoang observations, 
Mr. Kenny says that it has been clearly indicated that 
the tin deposits in the Federated Malay States are by no 
means inexhaustible, and conservation of resources is 
worthy of the gravest consideration, not only with 
to local requirements, but also with reference to the 
Empire’s position in the tin trade. 





Tue Bririsn. Science Guirp ANNUAL MEETING.— 
This meeting will be held on June 17, at 4 p.m., at the 
Goldsmiths’ Hall, by kind permission of the Master 
and Court. 8 ers will be: The Right Hon. Lord 
Sydenham, G.C.M.G., F.R.S. (President of the Guild) ; 

jor-General the Right Hon. J. E. B. Seely, O.B., 
D.8.0., M.P.; Sir Joseph Thomson, O.M. ( ident 
of the Royal Society); and Sir Robert Hadfield, Bart., 
F.R.8. Cards of invitation to the meeting may be had 
on —— to the Secretary, British Science Guild, 
199, Piccadilly, W. 1. 
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a ENGINEERING ” ILLUSTRATED PATENT 
RECORD. 


SELECTED ABSTRACTS OF RECENT PUBLISHED 


SPEOIFIOATIONS UNDER THE AOT OF 1907. 

The number o; sieun given in Me Spestieation Bemsines ts states | 
amen & | where none is mentioned the Specification is not 
illustrated. 

Where icated from abroad, the Names, <&c., 
of ~y! Communicators are given in italics 

may be obtai d at the Patent Office, Sales | 
Birane te Southamp gs, Chancery-Lane, W.C., at 
‘orm price of 6d. 


unif of 
The date of the advertisement of the acceptance of a Complete | 
‘ion is, in each case, given after the abstract, unless the | 
Patent has been sealed, when the word “ Sealed” is app 
a: = may, at any time within two months from the date of 
advertisement nt Se of a Ci Specification, 
e notice at the Patent Office of opposition to the grant of a 
Fetont atent on any grounds mentioned in the Act. 
122,982. H. Jud 


AGRICULTURAL APPLIANCES. 

A. Miisted, Tenterden, and W. ie 
Tenterden. Farm Implements. (5 " Figs.) May 27, 1918.— 
This invention relates to drawbar means for attaching to tracto 
farm implements having shafts and originally intended to be 
drawn by horses. According to the invention, the improved 
drawbar arrangement comprises two drawbar rods, each of 
which is bent at its rear end to form a hook adapted to ne 
around the adjacent shaft of the implement, and is fu 
bent into or otherwise formed with an eye near the front end. 
A draw-pin transversely across the shafte through the 
the of an yoyebalt 














secured in the top of each shaft, and through 
eye in each of the drawbar —_- thus connecting the drawbar 
rods to the shafts. This draw- is furnished at one end with 
a safety chain and snap hook or like device, which can be hooked 
to a staple in one of the , In order to prevent accidental 
detachment of the draw-pin from the shafts. The front end of 


the drawbar rods are shaped to come together, and they are 


lLe*ig-t 
ro 


WN 











connected by a pin to an attachment adapted to connect to the 
tractor. A, A are two drawbar rods, each of which is bent at 
ite rear end to form a -shai hook B adapted to 


heldin meee by riveting, waltins, braving or other suitable means, 
A central b is formed in the washer to permit of the 
of enew plug ¢ thre it. As shown in Fig. 3, 
washer when in use is placed een two a dand dd 
of an electrode. two are closed upon the 
screw plug c, nies al of washer make p—ewed with the 
| meeting faces o' ectrode, and if the faces are comparativel. 
even and s Fn when screwed up quite tight, the wings 
| lie flat against each side of the central gi 
| sppecranee of a washer com d of ee Fp agate te ~ In 
ice, however, it a happens tha‘ —_ 
of the electrodes instead of dcowin up face to face all -— pe 
and uneven, and considerably — at one side, but = 
al being resilient 1 and upstanding, they make 
between the top and bottom and ensure an 
effective electrical joint. If desired, however, the air spaces 
in the joint may be filled in with molasses so as to make a solid 
constructi ccepted February 19, 1919.) 
Reyrolie and Co., Limited, Hebburn-on- 
R. Longman, Middiesb: 
Clothier, Hebburn-on-Tyne. 

- (9 Figs.) February 4, 1918.—This invention has 
particular reference to switch gear for use on -volta, 
sSeneene aaene systems. Such switch gear is often of 
type which comprises a fixed portion having stationary contests 


Tyne, 
H. W. 
| Gear 


©, in permanent connection with bus-bars and transformers, and a 


removable portion comprising an oil break main switch and 
| con contacts co-operating with the stationary contacts on the fixed 
portion. These stationary contacts with the co-operating 

| contests on the removable portion, form isolating switches. 
According to this invention, in electrical switch gear of the type 

referred to, there iscombined with the removable portion of the 

gear a switch forming part of the main switch gear and con- 
ling a reactance or other apparatus, and an isolating contact 

for such switch. The nage § represents purely diagram- 
matically a well-known form of high-tension ewiteh gear of the 
armoured draw-out type comprising a fixed portion E and a 
removable portion F. The fixed portion has stationary con- 
tacts H and H1 in connection with semanas G rab hy Gil, and these 
contacts H and H1 co-operate with contacts J and Ji on the 
removable or draw-out } portion ot the st switeh gear, the contacts 
J and Ji being to o d contacts D and C in| E: 
the oil tank. » * addition to the contacts H and H1, the fixed 


2 












































* 
portion | of the gear As $y with = pat weed . Ki 
bly a . 


P an Co- 
with these contacts K — mi are contacta L and Il 





+4 





pass round jacent shaft of the implement as indi 

in Fig. 2. Hach of the rods is bent to form an eye C, through 
which eyes is passed a draw- B This draw-pin also passes 
through the eyes of eyebolts 2, which are secured to | 
the shafts F, F of the at thus by draw-pin serves | 
to connect the drawbar rods to the shafts. A safety chain G, 
attached to one end of the draw-pin, is furnished with a snap 
hook or like device by which it can be wr an to ° staple on the 
adjacent shaft in order to prevent accid 
the draw-pin from the shafts, while allowing ¢ ~ r cady detachment 
when required. The front ends of the drawbar are shaped 
to come together as shown in Figs. 1 ‘Fr 2, and these ends are 
formed into eyes K, K through which is passed a bolt to secure 
thereto an attachment adapted to connect the drawbars to a 
tractor. (Sealed.) 
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ELECTRICAL APPARATUS, 
123,017. C. W. Kayser, Sheffield, and Mes W. Macdonald, 
Electric Furnaces. (3 September 4, 
1918. .—The invention relates to MX. -# in connect: 
with electric furnaces, ting which are often made u FAY two 
or more pieces, the meetin; rts being joined together by a 
ed screw plug en ing in correspondingly-threaded 
, any = between the meet meeting faces of the 
threaded port: ons, and also between the contacting faces of the 


two pieces of the electrode, being filled in with molasses. The | 


Fig. R. ° Fig. 1. 





| 


invention has for its object to improve the electrical ey’ 
of joints in electrodes, and this is effected by the e een = 
metallic spring aes used either alone or in conj 
molasses, According to = invention, the applicants — 
between the faces of the two portions of an electrode 
as oon in Fig. a specially-formed ee washer, 
erably, though not necessarily, of copper. cM mw ~ a 
a central metallic plate @ on one or both at side of Io of whieh are 
coouned any desired number of resilient wings al, which may be 


on the removable portion F, these tact 
oil-immersed contacts A and B in the oil tank 8 The contacts 
A, B, C and D in the oil tank are provided with suitable switches 
or circuit-closing members, which may be constructed and 
| —— any convenient way. Asillustrated di mmatically, 

e four contacts A, B, C and D are wae tely at the same 
| level in the oil tank, the contacts A and D 





j the contacts A and D is shown as a bar M having upturned 
ends — to engage with A and D, and a similar but shorter 
bar Ml ve the bar M is adapted to engage with the contacts 
Band C. Both bars M and M1 are mounted on a movable 
insulating member N o Se by a rod and handle 01. The 
shorter bar M1 is pivoted, and is controlled by the hand lever 02, 
The bar M1 can be moved into two definite positions, one where 
it is in contact with B, the other end being in contact with C, 
and the other position where itis in contact with the lower bar M, 
which itself makes connection between the contacts A and D. 
In the first position the contacts A and D are connected by the 

bar M and the contacts B and C by the bar M1. In this mention 
the bus-bars are connected through the reactance K2. In the 
second position the bus-bars are tye connected together 
and the reactance K2 cut out. (Sealed 


GAS ENGINES, Ke HOLDERS, &c. 


122,542 Cc. C. B. Morris, London. Carburettors. 
(4 Figs.) March 12, 1918.—In certain internal-combustion 
engines which run on both petrol and paraffin bi-fuel carburettors 
are emp! a. The subject of the present invention is a car- 
burettor which ee the use of only one a of fuel at a es 
that is to say, the petrol valve is open when th pg yh is merel 4 
| ticking round and the Pye is entirely shut 
| being admitted when engine is to run all out, the pet near 
| being then ae B shut off. a is the carburettor casing and 
| & is the throttle casing. Within the carburettor casing are the 
—— jet c and the petrol jet d. eis the inlet for paraffin from 
| float chamber (not shown). fis the inlet for petrol. g is the 
| pose paraffin-regulating needle attached to the lower end of the 
8 spindle A. jisa onde for the spindle h, and & is a sleeve working 

ina nut i — into the top of the casing a and adjustably 
indl by means of a thread. When open, 
| the paraffin Set e mange into the _—— n, which is connected 
to a pipe leading to the vaporiser. pis the petrol needle having 
@ normal tendency to descend into the jet d by reason of the 
spring g. —_ is a flat cut or thread on p to allow the cap r 

to slide freely and down. ¢ and u are lever arms fixed on an 
pw aed v ried by the throttle sleeve w. The arm t¢ is con- 
nected to the spindle sleeve &, and operates to raise and lower 
the paraffin needle g when the throttle sleeve is turned. The 
arm wu is looped to embrace the petrol needle py. When the 
throttle sleeve is rotated one way, the ffin needle is lifted 
and the petrol needle is allowed to descend, and when the throttle 
rection the petrol lever is 











being at the ends of ! ¢ 
ent of | the row and the contacts B and Cinside them. The switch for | 


which is adapted to register with the port 4 in the throttle 
sleeve in a certain position of the latter. 5 is the inlet port in 
the throttle from the paraffin vaporiser. The ports in the 
throttle sleeve are 6 for the cold air entering the casing 7, and 
8 which is large to open up the inlet 5 for the paraffin 





vapour with the induction pipe 9. 10 is ,ane extra air port in the 
ny: b, by which additional air —> mitted to a further 

n the throttle (not shown). his — be fitted with a 
and control on the dashboard for the further regulation of the 
mixture. (Sealed.) 


122,996. The Phenix Dynamo Man Company, 
Limited, oy and W. O. Manning, B ord. 

Engine Throttle Control. (2 .) July 17, 1918. The 
present invention relates to a method of operating the en ~ 
control of twin-engined aircraft and navigable vessels. 
present invention relates more particularly to a control Sumas 
ment by means of which the controls from each engine are 
connected to a single operating lever in such a way that by the 
movement of said lever in one plane, the controls of | both engines 
are moved simultaneously, while by a movement of the same 
lever in a plane at right angles, the same controls are moved 
differentially. The control mechanism is mounted upon a 
support frome 1. An operating lever 2 is pivotally po 
on the pivot 3 carried by a frame 4 rotatably mounted w 
shaft supported in bearings on the main frame 1. At eac end 
of the shaft 5 a pulley 6, 7is arranged. These oa = 6, 7 are 
adapted respectively to take the pending wires from the throttle 
control of one of the engines. The arrangement shown in which 



































| a pair of pulleys are mounted at each end of the shaft is designed 
to enable the control to be operated by either of two persons in 
he manner usual in aircraft, and allows of the em 
duplicate control, the outer pulley of each pair be 
by wires with the pulleys of the second control. These pulleys 
, 7 are connected respectively through links 8, 9 with lateral 
extensions of the pivotal end of the operating lever 2. The 
links 8, 9 are connected with their pulleys 6, 7 and with the 
operating lever 2 lever 2, by universal joints 10. The method of opera- 
: When it is desired to operate the two controls 
pond Rm oy the lever 2 is moved with frame 4 backwards 
or forwards in the plane of the pulleys, the two connecting 
links 8, 9 then act as ame “ transmitting the movements 
© the Toses 5 Me to panes 6, 7. When it is desired to operate 
the controls differentially, that is to say, to open one throttle 
and to close the other, the lever 2 is rocked on ite pivot 3 in a 
plane at “— angles to the plane of the pulleys and the two 
Sieoctions Us inks =, 5 then operate the pulleys 6, 7 in opposite 
rections 


ae AND mien oi TOOLS, SHAFTING, &c. 


arson, Greenock. Drill Chucks. 

‘6, ios —This invention telates to improvements 
A chuck, according to the invention as illus- 
trated in longitudinal section in the poy to , comprises a tubular 
element adapted to receive a drill or drill holder, said tubular 
element being constituted by two axially aligned hollow cylin- 


Fig.) “ee 
. drill chuc 
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drical portions 1a, b of unlike external diameter, united by @ 
hollow truncated Ce portion 1c, the three —- to receive 
the three segmental pads 2 bein formed in the Ww cylindrical 
rtion 1b of less diameter. sleeve 3, which telescopes 0D 
tubular element, is omed to mate closely with the tubular 
element, and comprises two hollow cylindrical portions of unlike 
internal diameter united by a female conical portion. (Sealed.) 








